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FOREWORD
This final report on work performed under Con-
tract NAS 5-9586 summarizes the program devoted to
examining the effects of variations in positive electrode
behavior and selected impurities on the performance
of sealed nickel-cadmium cells. The work was spon-
sored by the Goddard Space Flight Center in Greenbelt,
Maryland.
The work was conducted at the General Electric
Company's Research and Development Center in
Schenectady, New York. Dr. J. A. Consiglio was
Project Engineer. Dr. W. N. Carson, Jr., provided
technical guidance in planning the experimental pro-
gram and interpretation of experimental results. Mr.
R. R. Nilson performed the experimental work on
positive electrode capacity characterization and set-
ting up the experimental equipment for the program.
Mr. J. F. Wilfore performed the bulk of experimental
work, data reduction and correlation, and preliminary
interpretation.
i
ITABLE OF CONTENTS
Section	 Page
FOREWORD	 i
1	 ABSTRACT . . . . . . . . . . . . . . . . .	 1
2	 INTRODUCTION	 . . . . . . . . . . . . . .	 3
3	 EXPERIMENTAL EQUIPMENT AND PROCEDURES 	 5
Electrodes	 . . . . . . . . . . . . . .
	
5
Electrode Capacity Characterization
	 5
Oxygen Monitoring Equipment
	 . . . . . .	 6
Sealed Nickel-cadmium Cells
	 . . . . . .
	
17
4	 TECHNICAL DISCUSSION	 . . . . . . . . . .	 19
	
Positive Electrode Capacity Characterization	 19
Positive Electrode Behavior Studies
	
30
Impurity Studies
	 . . . . . . . . . . . .	 42
5
	
	
NEW TECHNOLOGY STATEMENT . . . . . .	 75
Appendix I -- PLATE MATERIAL HISTORY
Appendix II -- GAINESVILLE ELECTROCHEMICAL
TESI DATA ON ELECTRODES
Appendix III -- MODIFIED NICKEL-CADMIUM
CHARACTERIZATION CYCLE
CONTROL SCHEMATIC
Appendix IV -- CAPACITY DATA FOR CHARAC-
TERIZED POSITIVE ELECTORDES
Appendix V -- RECHARACTERIZATION CAPACITY
DATA
Appendix VI -- POSITIVE ELECTRODE GAS EVOLU-
TION DATA
Appendix VII -- TEST CELL PRESSURE - TIME DATA
ii	 e
LIST OF ILLUSTRATIONS
Figure P, age
1 Characterization Cycling Equipment 	 .	 .	 .	 .	 .	 . 7
2 Characterization Test Cell 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 8
3 Oxygen Monitoring System Schematic 	 . . . . 9
4 Beckman Oxygen Sensing Cell Schematic	 . . . 11
5 Partial Pressure of Oxygen in Carrier Gas at
Different Flow Rates
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 12
6 Oxygen Monitoring Test Cell 	 .	 .	 .	 .	 .	 .	 .	 .	 . 14
7 Oxygen Monitoring Facility 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 15
8 Alternate Oxygen Monitoring Test Cell 	 .	 .	 .	 .	 .	 . 16
9 Nickel-cadmium Test Cells 	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 18
10 Positive Electrode Capacity Distribution Curve 20
11 Positive Electrode Capacity Distribution Versus
Cycling; 100 Percent Depth of Discharge Cycling
Mode
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 26
12 Comparison of Oxygen Evolution Rates by Band-
widths at 60, 75, and 90 Percent Electrode States
of Charge for Characterized Electrodes at a Charge
Current of 300 Milliamperes
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 33
13 Comparison of Oxygen Evolution Rates by Band-
widths at 60, 75, and 90 Percent Electrode States
of Charge for Recharacterized Electrodes at a
i Charge Current of 300 Milliamperes 	 .	 .	 .	 .	 .	 . 34
14 Positive Electrode Behavior. 	 Oxygen Rate Versus
State of Charge of 100 Percent Depth of Discharge
Mode for Electrode Number 74 at a Charge and
Discharge Rate of 300 Milliamperes
	 .	 .	 .	 .	 .	 .	 . 37
15 Typical Positive Electrode Oxygen Evolution Rates
Versus Electrode State of Charge 	 .	 .	 .	 .	 .	 .	 .	 . 41
16 Comparison of Oxygen Evolution Rates for the
Metallic Impurity Studies
	
.	 .	 .	 .	 .	 .	 .	 .	 . 49
17 Positive Electrode Oxygen Evolution Rates for Elec-
trodes with Nylon Degradation Products in the
Electrolyte	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 53
18 Positive Electrode Gassing Rate for Electrode
Number 260 with C arboxymethyl Cellulose in
the Electrolyte	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 56
111
LIST OF ILLUSTRATIONS (Cont'd)
Figure P_ age
19 Positive Electrode Gassing Rates for Electrode
Number 140 with Carboxymethyl Cellulose in
the Electrolyte	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 57
20 Test Cells Residual Capacity Comparison: Open
Circuit Stand Versus Cycling at Ten Percent
Depth of Discharge	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 63
21 Test Cell Pressure-Time Profiles for Cells
Numbered 1, 2, and 3, Control Cells at Room
Temperature	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 65
22 Test Cell Pressure-Time Profile for Cells
Numbered 5 and 6 With Carbonate Ion at Room
Tempe rature	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
	 0 66
23 Test Cell Pressure-Time Profiles for Cells
Numbered 7 and 8 with Ammonium Ion at Room
Temperature	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 67
24 Test Cell Pressure-Time Profiles for Cells
Numbered 9 and 10 with Nitrate Ion at Room
Temperature	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 68
25 Test Cell Pressure-Time Profiles for Cell
Number 4 With Carboxymethyl Cellulose at Room
Temperature	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . 69
26 Test Cell Pressure-Time Profiles for Cells
Numbered 10 and 11, Blanks at 0°C
	 . . .	 .	 . 71
27 Test Cell Pressure-Time Profile for Cell
Number 13 Wit'Li Carbonate Ion at 0°C
	 . .
	 .	 . 72
28 Test Cell Pressure-Time Profiles for Cell
Number 14 With Ammonium Ion at 0°C 73
29 Test Cell Pressure-Time Profiles for Cell
Number 15 With Nitrate Ion at 0°C 	 .	 .	 . .	 .	 .	 . 74
iv
LIST OF TABLES
Table	 Page
1 Summary Positive Electrodes Characterization
Capacity Data
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 21
2 Effect of Successive Characterization Runs On
Positive Electrode Capacity	 .	 .	 .	 .	 .	 .	 .	 . .	 22
3 Effect of Stoarage in Electrolyte on Positive
Electrode Capacity	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 24
4 Summary Positive Electrode Recharacterization
Capacity Data	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 25
5 Positive Electrodes Capacity Data for Group 5
Recharacterization #2	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 28
6 Positive Electrodes Capacity Data for Group 5
Recharacterization #2	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 29
7 Typical Positive Electrode Capacity Data 32
8 Summary Percentage of Current Converted to
Oxygen Versus Electrode State of Charge 35
9 Summary Positive Electrode Residual Capac y
Data	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 38
10 Positive Electrode Oxygen Evolution Data	 .	 . .	 39
11 Positive Electrode Oxygen Evolution Rate Data 0	 40
12 Impurities Investigated	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 43
13 Concentration of Impurities
	 .	 .	 .	 .	 .	 .	 . 44
14 Summary Nitrate and Ammonium Ion Effects 45
15 Summary Carbonate Ion Effects	 .	 .	 .	 .	 . 46
16 Summary Metallic Impurity Effects 48
17 Summary Sulfate Ion Effects 50
18 Summary Chloride Ion Effects 51
19 Summary Nylon Degradation Products Effects 52
20 Summary Carboxymethyl Cellulose Degradation
Products Effects	 •	 •	 •	 •	 -	 •	 •	 •	 •	 •	 •	 • •	 55
21 Summary Impurity Effects on Positive Electrodes
1007c Depth of Discharge Cycling Mode 58
22 Sealed Cells Test Conditions
	 ,	 .	 , 59
v
jLIST OF TABLES (Cont'd)
Table	 Page
.23	 Summary Test Cells Capacity Performance 	 61
24	 Test Cell Residual Capacity Range	 . . .	 62
vi
Section 1
ABSTRACT
The objective of this program was to assess the importance of varia-
tions in the positive nickel-hydroxide electrode behavior and the effect of
selected impurities on the performance of sealed nickel-cadmium cells.
The principal performance characteristics investigated were the capacity
and gassing rate of the positive electrodes and sealed test cells in selected
cycling modes.
Electrodes used in the program were taken from a production lot
manufactured by the Battery Business Section of the General Electric
Company. The capacity distribution for the positive electrodes was de-
termined by cycling three-hundred electrodes under constant current
charge-discharge for six consecutive cycles. The effect of extended
cycling on the capacity distribution was determined by cycling some of
the electrodes for an additional twenty-five cycles.
The rate of oxygen evolution from the positive electrodes was deter-
mined as a function of the sl. hte of charge of the electrode over the course
of six to twelve cycles. Parameters investigated were capacity, cycling
history, the presence of selected impurities, and the mode of circling.
The effect of some of the impurities on the performance of sealed
nickel-cadmium cells was investigated by cycling the cells in a ten per-
cent depth of discharge mode for a total of 402 cycles at room tempera-
ture and (PC.
All of these tests were made with the electrodes operating in a flooded
condition and using constant current charge and discharge during the
cycling.
For the group of three-hundred electrodes, the average capacity in-
creased 13 percent in going from six to twenty-five consecutive cycles in
the 100 percent depth of discharge mode. The percentage increase in
capacity was greatest for electrodes yielding the lowest capacity after the
first six cycles.
The rate of oxygen evolution was essentially independent of electrode
capacity and cycling history. Oxygen evolution was measurable at 50 per-
cent of full charge when cycled in the 100 percent depth of discharge mode.
The rate of evolution increased exponentially between 60 and 90 percenst of
full charge and corresponded to two and eight percent of the charge current
respectively at the twc states of charge.
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in the 25 percent depth of discharge cycling mode, the gas evolution
rates were lower than those observed in the 100 percent depth of discharge
mods. There was no evidence of capacity loss in this mode over the course
of 55 consecutive cycles.
The impurities studied were: nitrate, ammonium, chloride, sulfate,
and carbonate ions at a concentration level of 500 parts per million or
higher in 31 percent by weight potassium hydroxide; electrode impregnation
with nitrate salts of iron, silver, and copper at a concentration level of
200 parts of salt per million parts of active hydrated nickel-hydroxide
material; and degradation products of nylon separator and carboxymethyl
cellulose simulated by digesting these materials in hot 30 percent potas-
sium hydroxide.
None of these contaminants produced any significant changes in the
capacity behavior of the positive electrodes over ten to twenty cycles of
testing. Four of the contaminants -- ammonium ions, sulfate ions, nitrate
ions, and iron nitrate salt -- caused temporary reductions in the rate of
oxygen evolution. C arboxymethyl cellulose first reduced the rate of gas-
ging. Then, with continued cycling, the rate of gassing increased to 150
percent of the rate without the contaminant.
The impurities used in the sealed cell tests were carbonate, nitrate,
ammonium, and degradation products of carboxymethyl cellulose. Residual
capacity determinations for these cells were made after 44, 56, 85, and
217 consecutive cycles. The residual capacities showed a decrease with
an increasing number of cycles. A major part of this decrease appeared
to be caused by a self-discharge of the positive electrode.
For residual capacity, the results obtained after 85 cycles are illus-
trative. At room temper: ature, the capacities ranged from 77 to 85 per-
cent of the normal discharge capacities. The control cells showed the
lowest values. Cells to which nitrates had been added displayed the high-
est values. At 0°C, the corresponding residual capacities ranged from
81 to 88 percent of the normal discharge capacities. The pressure rise
in the cells in general correlated with the gas rates observed for the posi-
tive electrode tests .
2
Section 2
INTRODUCTION
This report summarizes the work performed under National Aeronau-
tics and Space Administration Contract NAS 5 - 9586. The work program
consisted of two studies:
• A detailed investigation of the behavior of the positive nickel
hydroxide electrodes with emphasis on the rate of gassing and
capacity under selected modes of cycling.
• An investigation of the effects of selected impurities on the
performance of the positive electrodes and of sealed nickel-
cadmium test cells.
The objective of the program was to assess the relative importance
of these factors in the observed variations of performance characteristics
of nickel - cadmium cells used in space power applications.
The electrodes used in the program were manufactured by the General
Electric Company's Battery Business Section in Gainesville, Florida. One
thousand positive and one thousand negative electrodes were obtained for
use in the program. The manufacturing history of these plates was available.
The work approach used in the program is outlined below. The posi-
tive electrodes used in the program were initially characterized with res-
pect to capacity at a fixed charge and discharge rate for six cycles. Three
hundred positive electrodes were processed in this manner. The average
capacity for six cycles was calculated for each electrode and an electrode
capacity distribution curve for the lot was obtained. Electrodes for the
studies were selected from the ^_pper and lower end of the capacity distribu-
tion curve. The intent was to select electrodes having the same initial
properties or characteristics.
In the first task, "Positive Electrode Behavior Studied " the electrodes
were cycled at a constant current at room temperature in two modes:
100 percent depth of discharge and 25 percent depth of discharge. During
the cycling the rate at which oxygen was evolved during charge was continu-
ously monitored until the electrodes were approximately 90 percent charged.
The voltage of the electrode versus a reference electrode was also measured
during these tests. The number of cycles a given electrode received in these
tests ranged from six to twelve.
These data and the charges in capacities occuring during the tests were
then analyzed to note differences between the electrodes from the high and
low end of the initial capacity distribution curve.
3
In the second task, "Impurity Studies," selected impurities that were
representative of those arising from manufacturing operations and of those
arising from degradation of materials used in the cells during operation
were investigated. First, the effect of the specific impurity at given con-
centrations on the gassing rate and capacity of positive electrodes cycled in
the 100 percent depth of discharge mode was measured. The electrodes were
cycled from six to twelve times. As in the first task, electrodes from the
high and low end of the capacity distribution curve were tested to determine
the effects on behavior of the various impurities.
Subsequent to these screening tests the effect of some of the impurities
on the performance of the sealed nickel-cadmium test cells was examined.
For this purpose the test cells were cycled in the 10 percent depth of dis-
charge mode, using a constant current charge-discharge. These tests were
made at room temperature and at 0  C. Test cells containing no impurities
were used as controls. Periodically the cells were discharged to determine
the residual capacity of the cells. The cells were also fitted with gages to
monitor the pressure rise during the course of the cycling.
4
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Section 3
EXPERIMENTAL EQUIPMENT AND PROCEDURES
ELECTRODES
One thousand positive and one thousand negative electrodes were ob-
tained from the General Electric Company's Battery Business Section in
Gainesville, Florida for use in this program. The plate material charac-
teristics for each lot of negative plates and the positive plate blend are
listed in Appendix I. The values listed are averages for each lot or blend.
The electrodes are KO-15 stock trimmed to a size of 1-3/4 inches by
3 inches. At Gainesville, the electrodes were assembled into cell packs,
each containing 10 positive and 10 negative electrodes, and then put through a
series of charge-discharge cycles and inversions to electrochemically clean
the electrodes. The capacity developed by the positive and the negative
electrodes in the course of this treatment is tabulated in Appendix H. The
capacity values are averages for the groups of 10 positive and 10 negative elec-
trodes in each cell. The electrodes were numbered serially to permit identi-
fication with the original cell pack, lot, and spiral numbers.
ELECTRODE CAPACITY CHARACTERIZATION
Each positive electrode used in the studies was initially given 6 com-
plete charge-discharges at a constant current of 300 milliamperes. Dur-
ing this cycling the potential of the electrode versus a reference electrode
was recorded as a function of time.
The time Intervals during cycling were: rest 1. 1 minutes, charge 360
minutes, rest 10 minutes, discharge 360 minutes, rest 10 minutes, and
reset. Total charge and discharge of 1800 milliampere-hours was found
to be well in excess of all electrode capacities. Later in the program the
discharge time was reduced to 300 minutes (1500 milliampere hours) --
still in excess of most positive plate capacities.
The control equipment for the cycling of the electrodes and the test
cells were originally designed and used on a previous contract, NAS5-3477.
The control equipment circuit was modified to accommodate 20 positive
electrodes, instead of 10 positives and 10 negatives. The modified circuit
is shown in Appendix III. The test electrodes are indicated by plus signs
and counter electrodes by Negative signs. Reference electrodes in the "old
positive" cells are labelled R and in the "old negative" cells R'.
The ti., .ler circuit (not shown) was readjusted to "read" the voltages of
the "old positive" cells for 17 seconds and of the "old negative" cells for
103 seconds throughout the characterization test. This permitted a read-
5
out and recording to be made of two positive electrodes on a single point
Rustrak recorder. The two traces are readily distinguished, a dotted line
superimposed on a dashed line. The assembly of the constant current po-
wer supplies, timing and switching panels, and the Rustrak recorders and
associated amplifiers is shown in Figure 1.
The test cell used for characterization is shown schematically in Fig-
ure 2. The reference electrode was a nickel-hydroxide electrode charged
fully, discharged (about 10 percent), and aged for several weeks. The po-
tential of an electrode remains stable over a period of months if current
is not drawn from it. It can be renewed in the test cell if necessary.
The counter electrodes were cadmium plates of the same type used in
the test program but which were not used in any cyclic tests. The electro-
lyte used was 31 percent by weight reagent grade potassium hydroxide.
Fresh electrolyte was used for each group of electrodes put through the
characterization procedure.
The electrode capacities for each of the 6 cycles and the graphitic
step capacity were read from the Rustrak recorder traces. A short com-
puter program was designed to calculate the average capacity of the elec-
trode for the 6 cycles and the slope of a least square line fitting the capa-
city data for the 6 cycles. The standard deviation and intercept of the line
were also calculated. The computer was also used to sort the capacity
data into 50 milliampere-hour increments. The graphitic capacity was
printed out with this data. The data in Appendix IV is illustrative of the
listing developed by the computer program. This listing was used to se-
lect the electrodes for the program and also to develop the capacity distri-
bution curve for the lot of positive electrodes.
OXYGEN MONITORING EQUIPMENT
The experimental apparatus used for the continuous measurement of
the rate of oxygen evolution during cycling is shown schematically in Fig-
ure 3. Nitrogen carrier gas was fed to a manifold system through a Fair-
child Stratos precision pressure regulator so that the manifold pressure
was held constant in the range of 20 to 30 pounds per square inch gage pres-
sure. The flow rate of the carrier gas through the precision needle valves
was essentially independent of minor pressure changes downstream. The
gas was saturated with water vapor by bubbling through a solution of potas-
sium hydroxide of the same composition as the electrolyte in the test cells.
The flow rate of the saturated carrier gas was measured with a soap film
flowmeter downstream of the bubbler. The carrier gas picked up oxygen
being evolved by the nickel-hydroxide electrode in the test cell and carried
it to the Beckman oxygen sensor.
6
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The current required to maintain a 0.8 volt potential across the Beck-
man oxygen sensor cell was a function of the partial pressure of oxygen in
the cell environment. A schematic drawing of the sensing cell and auxiliary
equipment is shown in Figure 4. Carrier gas was directed into the sensor
cell housing where oxygen was diffused through the Teflon membrane to
the sensing cell. The amount of oxygen diffused was a function of the per-
meability of the membrane -- a constant -- and the partial pressure of oxy-
gen in the carrier gas. The oxygen partial pressure, in turn, was a func-
tion of the gas flow rate and the rate of oxygen generation. The oxygen was
reduced at the gold cathode while the silver anode was oxidized according to
the reaction:
Cathode Reaction
02 +2H2O + 4e	 4 O
Anode Reaction
4 Ag + 4 Cl - ---% 4 AgC1 + 4 e -
The cell potential needed to be held at 0.8 volts for these reactions to
occur. When the partial pressure of oxygen was about 160 millimeters
(-21 percent ) the current consumed in the cell was approximately 0. 8 mi-
croamperes. The amplifier-recorded combination yielded a maximum de-
flection for a ten millivolt signal. The resistors of the measuring circuit
had to be approximately 1. 2 kilohms, where a 20 percent concentration of
oxygen was the maximum anticipated. The resistance value varied from one
cell to another, of course, and needed to be set and calibrated separately
for each channel. A constant temperature bath was required for the moni-
toring cells because of the large temperature coefficient of oxygen permea-
tion in the Teflon membrane.
The nitrogen flow rate, however, was set so that the maximum con-
centration of oxygen did not exceed 10 percent. This kept the differential
of voltage change with respect to oxygen partial pressure change essen-
tially constant over the course of the experimental run. Low flow rates of
carrier gas ( 5 cubic centimeters per minute ) were required to determine
the onset of gassing while higher flow rates (-20 - 40 cubic centimeters per
minute ) were required to monitor the total gassing behavior. Assuming
that the voltage recorded was directly proportional to the partial pressure of
oxygen in the gas stream, the effect of the flow rate on the recorded po-
tential at different gassing rates is shown in Figure 5.
The input impedance of the current measuring portion of the oxygen
sensor cell circuit was limited to about 100, 000 ohms to preserve scale
linearity. This, in effect, limited the lower sensitivity of the oxygen de-
tection to about 0.05 percent oxygen in the carrier gas (when 0.2 milli-
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volts on the recorder was assumed to be the lowest reading distinguishable
from "noise" on the recorder). At low carrier gas flow rates (5 cubic
centimeters per minute) this corresponded to an oxygen evolution rate
equivalent to one milliampere.
A schematic representation of the to Et cell used in the system is shown
in Figure 6. The volume of electrolyte used was 290 cubic centimeters.
The volume of the gas gap above the liquid was approximately 20 cubic cen-
timeters. The separators between the test electrode and cadmium elec-
trodes were unwoven battery grade nylon which had been washed in hot
distilled water. These were inserted in the cell to minimize the amount of
gas reaching the cadmium electrodes. The reference electrode was mer-
cury-mercuric oxide. The calibration screen electrode was nickel. It was
used to calibrate the test cell for oxygen evolution by making controlled
current electrolysis runs prior to the testing of an electrode. The cadmium
electrodes were used as the counter electrodes for the calibration runs.
A part of the six station oxygen monitoring facility is shown in Figure 7.
Four oxygen test cells are shown in the center. The bubblers are on the
shelf and flowmeters for five stations are in the background.
An alternate method of measuring the rate of oxygen evolutim was also
explored. The approach and the limitations encountered are discussed be-
low. This method was based on the use of a Niedrach-Alford gas diffusion
type electrode with chArged cadmium counter electrodes to consume oxy-
gen. The modified top for this test cell and the required electrical circuit
are shown in Figure 8.
Tests showed that in the range of 50 to 500 milliamperes, the alternate
method compared favorably with the Beckman sensor wi h respect to res-
ponse speed and accuracy. However, the Beckman sensor was superior
in the range of 0 to 50 milliamperes gassing current with respect to speed
of response.
In the alternate method, the Niedrach-Alford electrode is below the
hydrogen potential when the partial pressure of oxygen approaches zero.
The hydrogen on the catalyst must be consumed (nonelectrochemically)
and the catalyst saturated (also nonelectroehemically) with oxygen at equi-
librium with the partial pressure (small but finite) of the gas before a
steady-state rate of electrochemical reduction of the oxygen being sensed
is established. Tests showed that in the region of 0 to 50 milliamperes
oxygen gassing current, the time to reach a steady-state value varied from
one half hour to one hour for the Niedrach-Alford sensing electrode.
One approach to minimizing the delay time caused by the hydrogen is
to electrically bias the sensing electrode to a potential above the hydrogen
potential, With no oxygen-present, the current flowing through the measur-
ing circuit will be zero. The only delay in response to the first oxygen
13
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generated in the test cell should be that caused by the initial absorption of
oxygen by the catalyst surface. Minimizing the time needed to reach a
steady state from this factor would require the reduction of the catalyst
which is not in contact with the electrolyte phase. This would have required
some additional electrode development work which was outside the scope of
the present contract. For these reasons, the Beckmann sensor was used
for the oxygen evolution measurements.
SEALED NICKEL-CADMIUM CELLS
Fifteen sealed test cells were constructed for use in the Impurity Studies
described in Section 4, "Technical Discussion, " of this report (see page 42).
The cells consisted of one positive electrode and two negative electrodes.
The positive electrode was wrapped on each side with a single layer of nylon
separator Mellon 4505) which had been washed. The back side of each cad-
mium electrode was separated from the Lucite cell wall by a diamond-shaped,
open mesh nylon sheet approximately 1/16 inch thick. The overall cell pack
thickness was approximately 3/16 inch thick. The pack was fitted into a
Lucite inner case. The inner case was, in turn, fitted and potted into a larger
outer case to withstand pressure excursions. Each cell was provided with a
pressure gage and vent. The cells are shown in Figure 9.
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Section 4
TECHNICAL DISCUSSION
POSITIVE ELECTRODE CAPACITY CHARACTERIZATION
Three hundred positive electrodes were put through the initial six -
cycle characterization procedure. The electrodes were charged and dis-
charged at a rate of 300 milliamperes (nominal Q4 rate). Details of this
procedure are given in Section 3, "Experimental Equipment and Procedures."
The discharge capacity of each electrode is defined as the average of the
values for the six. cycles.
The electrode capacity distribution, based on 50 milliampere hour in-
crement ranges of capacities, is shown in Figure 10. The distribution is
plotted in a cumulative manner, showing the effect of successive groups of
100 electrodes. From these results, it appears that a representative sam-
ple of the entire electrode lot was obtained.
The data for each electrode characterized is recorded in Appendix IV.
The data includes the average discharge capacity for the six cycles and the
slope of the least square line fitting the six capacity values. Similar data
is recorded for the graphitic step.
The electrode characterization capacity data obtained in Schenectady is
compared in Table 1 with that obtained in Gainesville. The values shown are
the averages for groups of ten electrodes, which constituted a cell pack in
the electrochemical testing at the Company's Gainesville, Florida Plant.
In most cases, the Schenectady values were approximately five percent
higher than the Gainesville values. In one case, cell pack number 9, the
Schenectady value was 36 percent higher than the Gainesville value. This
large change suggests that the original pack was incompletely formed.
During the positive electrode studies, discussed in the following
pages, similar increases in capacity were noted with continued cycling.
This phenomenon was studied in more detail by putting 10 electrodes from
one cell pack through characterization four times to determine the effect
of wet storage and extended cycling on the electrode capacity. Between
characterizations, the electrodes were stored in 31 percent by weight po-
tassium hydroxide. The results of these successive characterizations are
shown in Table 2.
In the first run, the electrodes were initially dry and were cycled six
times at 250 milliamperes charge and discharge (—C/5 rate). All other cycling
was done at 300 milliamperes charge and discharge ( —C/4 rate). The slope
of the capacity line for the six successive cycles in general tended to
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Table 1
_SUMMARY POSITIVE ELECTRODES CHARACTERIZATION
CAPACITY DATA
Gainesville Schenectady
Electrode Plate Batch Cell Average Average
Number Number Number (ma-hrs) (ma hrs)
1-10 2 22 1105 1138
11-20 2 34 1183 1196
21-30 2 36 1042 1125
31-40 3 2 1081 1144
41-50 3 19 1149 1197
51-60 3 25 1037 1153
61-70 4 19 1134 1224
71-80 4 10 1164 1161
81-90 4 21 1091 1128
91-100 5 6 1073 1107
101-109 5 9 873 1188
111-120 5 10 1139 1178
121-130 5 2 1109 1138
131-140 5 3 1057 1111
141-150 5 4 1042 1094
i51-160 5 5 1057 1103
161-170 5 7 1123 1126
171-180 5 8 1123 1116
181-190 5 1 1130 1114
191-200 4 1 1120 1100
201-210 4 2 1154 1160
211-220 4 3 1134 1131
221-230 4 4 1134 1160
231-240 4 5 1096 1122
241-250 4 6 1120 1135
251-261 4 7 1134 1155
281-290 4 11 1120 1141
291-300 4 12 1139 1143
301-310 4 13 1164 1220
310-320 4 14 1105 1139
7
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T able 2
EFFECT OF SUCCESSIVE CHARACTERIZATION RUNS
ON POSITIVE ELECTRODE CAPACITY
Average
Discharge
Electrode	 Capacity Slope Standard
Number	 (Ma-hrA jMazLrjj cycle Deviation
1	 1208 -26.25* 5.86
1350 3. 0	 * 8.49
1332 3.0 4.24
1388 12. 43 7.46
2	 1175 -8.75 9.84
1268 -15.0 30.0
1233 7. 5 3. 68
1293 13.29 13. 84
3	 1120 -11.65 14.90
1180 0.0 11. 18
1185 12.0 22.85
1263 11. 57 12.87
4	 1145 8.75 3.06
1230 8.57 12.68
1245 0.0 0.0
1305 8.57 9.26
5	 1115 -11.25 9. 19
1190 12.0 8. 94
1221 -1. 5 7.04
1298 12. 43 7. 46
6	 1145 -16.25 3.06
1223 4. 71 11.89
1233 7. 50 3.68
1305 11. 14 12.76
i	 1165 -7. 5 10.0
1223 5.57 6. 38
1245 3.0 8.49
1303 9.86 16. 52
8	 1173 15.00 8.66
1243 2.14 15. 58
1248 7. 5 3.68
1333 9.86 11.08
9	 1080 -13. 75 5. 86
1158 9.0 9. 75
1197 3.0 4. 24
1288 10.71 12. 10
10	 1053 -10,00 3. 54
1112 9.0 9. 75
1149 4.5 3.68
1233 11.57 15. 52
Gainesville average - 1105 ma-hrs 1st run
Schenectady average- 1136 ma-hrs 1st run x	 2nd run
Schenectady average . 1301 ma-hrs 4th run ##
 3rd run
$	 ° 4th run
Lot 2 Cell 22
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increase from negative to positive values. There was no consistent trend
in the degree of scatter (standard deviation) for successive runs either in
individual electrodes or in the group. The average capacity for the ten elec-
trodes on the first run was 1138 milliampere-hours versus 1105 milliampere-
hours for the capacity average determined at Gainesville. After the fourth
characterization run, the average capacity for the ten electrodes was 1301
milliampere-hours, an increase of approximately 14 percent over the first
run.
An additional set of experiments was performed to determine the effect
on capacity of storage in 31 percent by weight potassium hydroxide. Two
cellpacks, each containing 10 electrodes, were split into packages of five
each. These were then recombined into two new groups of 10 to test the
effect of prior wetting on electrode performance. Electrodes 5 through 55
and 66 through 70 were immersed and immediately characterized. They
were stored in 31 percent potassium hydroxide foz• 24 days anc.4 then rechar-
acterized. The remainder of these two groups, electrodes 56 through 65,
were stored in potassium hydroxide for a period of 11 days and were then
characterized. The capacity data for these electrodes are given in Table 3.
The average capacity values indicate that storage in the electrolyte has no
significant effect on capacity.
After these tests, 100 electrodes were recharacterized an additional 25
consecutive cycles. 50 electrodes were selected from the high end of the ca-
pacity distribution curve and 50 electrodes from the low end. The capacity
data were analyzed to determine whether or not the capacity changes were
identical for the two groups. The recharacterization was done in five groups
Each group contained 10 electrodes from the low end of the distribution curve
and 10 electrodes from the high end. The capacity data versus cycle number
for these tests are recorded in Appendix V. The results for the first four
groups are summarized in Table 4. The electrodes from the low end of the
distribution curve showed an average capacity increase of 17.2 percent and
the electrodes from the high end of the distribution curve showed an average
capacity increase of 8. 8 percent.
An estimate of the shift in the capacity distribution curve, shown in Fig-
ure 11, was made on the basis of the observed changes for the 100 electrodes
recharacterized. It was assumed that the percentage capacity increase
within a 50 milliampere-hour increment, shown in Figure 10, was a linear
function of the midpoint value of the 50 milliampere-hour capacity incre-
ment. The capacities were estimated in this manner and the electrodes were
regroupeu into new 50 milliampere-hour capacity groups. The estimated
distribution curve for the new groups is plotted in Figure 11, al , ng with the
original distribution curve from Figure 10. With extended continuous cycling
the average capacity for the lot shifts from approximately 1150 milliampere-
hours after the initial six cycles of characterization to an estimated 1300
milliampere-hours after 25 cycles. This estimated average capacity
23
Table 3
EFFECT OF STORAGE IN ELECTROLYTE ON POSITIVE
ELECTRODE CAPACITY
Electrode .	 Capacity Electrode Capacity
Number (m8-ti rs) (ms-hrs) Number (m srhrs)
51 1218 1 1153 2 56 1150 3
52 1163 1143 57 1138
53 1158 1105 58 1255
54 1115 1073 59 1133
55 1103 1058 60 1090
Averages
	
1152 1108 1153
66 1203 1155 61 1190
67 1218 1180 62 1230
68 1120 1180 63 1185
69 1311 1215 64 1295
70 1178 1140 65 1298
Averages
	
1206 1174 1239
Notes: 1 Electrodes initially dry, immersed, and then put through
six characterization cycles
2 Electrodes stored in 31 percent potassium hydroxide for 24 days
then put through six characterization cycles
3 Electrodes first stored in 31 percent potassium hydroxide for
11 days then put through six characterization cycles
Gainesville Capacity Data -- Electrodes 51 -60 - 1037 ma-hrs
Electrodes 61-70 - 1134 ma hrs
24
Table 4
POSITIVE ELECTRODE RECHARACTERIZATION
CAPACITY DATA SUMMARY
Low Capacity Electrodes 1	 High Capacity Electrodes 1
Group ;Number	 Initial	 Increase	 Initial	 Increase
and Cycles ma-hrs	 ma-hrs	 ma-hrs	 ma-hrs
I - 24 1082	 147	 1217	 89
II - 25 1086	 183	 1221	 123.
III - 26 1077	 207	 1217	 130
IV - 24 1028	 209	 1268
	 87
Average 186	 Average	 107
Average %a increase 2 17. 2	 Average % increase 8.8
Values are the average for the ten electrodes in each groupNotes: 1
2 Percent increase based on electrodes in Groups I, II, and
III which were within one 50 ma-hr capacity increment
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shows an increase of 13 percent over the initial lot value, compared to a
14 percent increase for the small sample of the electrodes listed in 'Fable 2.
The fifth group of 20 electrodes which had been put through the normal
characterization procedure, were put through an additional recharacteriza-
tion of 27 cycles. The amount of charge time for this recharacterization
was 5-1/2 hours instead of the normal charge time of 6 hours. This change
resulted in a periodic increase in capacity, with values exceeding 1500
milliampere-hours.
Next, 6 electrodes were removed from the group and replaced with 6
fresh electrodes which had received the normal characterization of 6 cycles.
The group was then cycled for an additional 23 cycles, the charge and dis-
charge time varying as shown below:
Charge Ti me	 Discharge Time
Cycle Numbers 	 (hours)	 (hours)
1 - 8	 6	 5
	
9 - 14	 5-1/2	 5
	15 - 23	 5 -1/2	 5-1/4
The capacity values for the 6 fresh electrodes and 6 of the electrodes
which had been through the previous 27 cycles of recharacterization are
shown in Tables 5 and 6.
The significant result is that for all electrodes the cycling regime of
charge for 5 -1/ 2 hours and discharge for 5 hours (cycles 9 - 14) pro-
duced the periodic capacities of greater than 1500 milliampere-hours. The
other two-time combinations, increasing charge time (cycles 1-8) and
increasing discharge time (cycles 15 - 231 did not produce this effect.
These tests, showing that reduced charging of the electrode can result in
increased discharge capacity, were carefully examined and were confirmed
as being accurate; they were not caused by test equipment of other er-
ror. Since obtaining our results, other observations of a nonquantitative
nature of similar behavior have been reported to the authors. No proven
mechanism can be offered to explain the results.
A tentative, but not completely satisfactory, mechanism. is that during
charging the overvoltage for oxygen evolution remains high until actual gas
evolution starts, and the overvoltage at full gassing (over 99 percent of
the current) is less than that necessary to charge nickel (II) hydroxide to
nickel (IID hydroxide. This decrease in overvoltage is partially due to
formation of hydrogen peroxide in the electrolysis of water to oxygen,
which can occur at a low electrode potential. Hydrogen peroxide would
discharge nickel (III) hydroxide readily, and this could not be rapidly re-
1[
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Table 5
POSITIVE ELECTRODES CAPACITY DATA FOR GROUP 5
RECHARACTERIZATION #2
Cycle ? #287 #288
Electrode Number
#298 284 #299 #282
1 11851 1275 1065 1035 1185 1110
2 1185 1275 1170 1165 1230 1155
3 1185 1275 1185 1185 1170 1125
4 1200 1275 1185 1155 1200 1170
5 1200 1275 1185 1185 1200 1155
6 1215 1290 1215 1215 1200 1170
7 1215 1290 1170 1185 1215 1200
8 1230 1290 1200 1230 1230 1200
9 >1500 >1500 >1500 >1500 >1500 >1500
10 1275 1380 1230 1260 1290 1290
it >1500 >1500 >1500 >1500 >1500 >1500
12 1290 1380 1275 1290 1290 1290
13 >1500 >1500 >1500 >1500 >1500 >1500
14 1320 1410 1335 1350 1350 1350
15 1185 1320 1185 1185 1200 1185
16 1170 1260 1170 1170 1170 1140
17 1170 1275 1170 1170 1230 1200
18 1185 1260 1185 1185 1200 1170
19 1185 1260 1170 1170 1215 1200
20 1185 1260 1185 1185 1170 1170
21 1200 1275 1185 1185 1215 1170
22 1200 1275 1185 1185 1260 1260
23 1200 1275 1200 1200 1230 1230
Previous History: Electrodes had received an initial six characteri-
zation cycles .
Notes: 1 Capacity in ma-hrs
2 Both charge and di:
Cycles
1-8
9-14
15-23
:charge at 300 ma
Charge Time
(hours)
6
5-1/2
5-1/2
Discharge Tim e
(hours)
5
5
5-1/4
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Table 6
POSITIVE ELECTRODES CAPACITY DATA FOR GROUP 5
RECHARACTERIZATION #2
Electrode Number
Cycle 2 #206 #178 #243 #219 #249 #234
1 1320 1 1290 1410 1290 1260 1230
2 1320 1290 1380 1260 1275 1230
3 1320 1290 1380 1275 1275 1230
4 1320 1320 1380 1275 1290 1245
5 1335 1305 1410 1305 1290 1245
6 1320 1290 1350 1260 1290 1245
7 1350 1320 1365 1275 1305 1260
8 1350 1320 1410 1305 1365 1320
9 >1500 >1500 >1500 >1500 >1500 >1500
10 1500 1485 >1500 1500 >1500 1485
11 >1500 >1500 >1500 >1500 >1500 >1500
12 1455 1440 >1500 1440 1425 1365
13 >1500 >1500 >1500 >1500 >1500 >1500
14 1485 1470 >1500 1485 1425 1485
15
15 1335 1305 1425 1305 1290 1230
16 1260 1245 1320 1215 1185 1140
17 1260 1230 1350 1230 1230 1170
18 1260 1215 1335 1215 1215 1170
19 1215 1245 1320 1215 1215 1155
20 1275 1230 1320 1215 1230 1155
21 1275 1215 1335 1230 1245 1170
22 1275 1215 1335 1230 1245 1170
23 1275 1200 1320 1230 1245 1155
Previous History: Electrodes had been characterized and recharac-
terized for an additional 27 cycles.
Notes: 1 Capacity in ma hrs
2 Both charge and c
Cycles
1-8
9-14
15-23
lischarge at 300 ma
Charge Time
	 Discharge Time
(hours)
	
(hours)
6	 5
5-1/2	 5
5-1/2
	
5-1/4
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charged at full gassing conditions, as explained above. The reaction is as
follows:
2 NiOOH + H 20  -) 2 Ni(OH) 2 +0 2
A fall of electrode potential after the 100 percent charge point has been
observed in some cell experiments of other workers.
POSITIVE ELECTRODE BEHAVIOR STUDIES
The objective of these studies was to determine the gassing rate and
capacity behavior of individual electrodes as a function of the state of
charge in selected cyclic modes of operation. The parameters examined
were the initial characterization capacity and the effect of extensive cycling
of the electrode. Details of the cycling modes and test conditions are given
below:
Charge and	 Charge	 Discharge
Cycle	 Discharge Rate	 Time	 Time
Mode	 (milliamperes)	 (hours)	 (hours)	 Remarks
100 percent	 300	 6	 5	 ---
depth of
discharge
25 percent	 300	 1.36	 1.13	 residual
depth of	 capacity
discharge	 measure-
ment
The tests were conducted at room temperature. The charge and dis-
charge rates correspond approximately to a C14 rate. In the one hundred
percent depth of discharge mode the amount of overcharge was approxi-
mately fifty percent, based on a nominal electrode capacity of 1200 milli-
ampere-hours. For the twenty-five percent depth of discharge mode the
amount of overcharge was twenty percent of the capacity removed during
the discharge. The rest time between charge and discharge was about
five minute s.
Oxygen evolution rate was monitored until the electrodes were 90 to 95
percent charged as defined below. The experimental equipment zor mea-
suring and recording the rate of oxygen evolution is described in Section 3,
"Experimental E quipment and Procedures, " of this report.
Analysis of the gassing data was made by plotting the percentage of
the charge current converted into oxygen at a given time versus the state
of charge of the electrode at the same time. The state of charge of the
electrode is defined as:
30
C State of Charge Factor =
d
where
Ct = the total ampere-hour input to the electrode up to time t.
Cg = the ampere-hour equivalent of all the gas evolved up to
time t.
C  = the capacity delivered by the electrode on the discharge
subsequent to the gas measurement run.
100 Percent Depth of Discharge
Twenty-one electrodes were monitored for oxygen evolution rate and
capacity. The sample contained seven electrodes from the high end of
the capacity distribution curve (1201 - 1250 milliampere-hours), and 14
electrodes from the low end (1051-1100 milliampere-hours). In addition,
seven of the electrodes had received the normal six cycles of initial capa-
city characterization and fourteen of the electrodes had been 1 echaracter-
ized for an additional twenty-five cycles.
The electrodes were cycled six to twelve times with some variation
in the rest times between cycles. Generally, most of the electrodes re-
ceived six consecutive cycles followed by a rest period of a day or two in
a discharged state.
The capacity of these electrodes increased during these tests, as dis-
cussed previously. Typical results, those of six electrodes which had
received an initial six cycles of characterization, are shown in Table 7.
The percentage increases in capacity are the same order of magnitude'
as those observed in the recharacterization tests.
The oxygen evolution rates recorded for this group of electrodes are
given in Figure 12. The data are plotted as the percentage of charge cur-
rent being converted to oxygen at three states of charge: 60, 75, and 93
percent. The bandwidths are the limits of the oxygen rates observed for
each electrode over the number of cycles. The results of the measurements
on the fourteen electrodes which were recharacterized for an additional
25 cycles are shown in Figure 13.
An analysis of the oxygen gassing rate data does not show any signifi-
cant correlation with the extent of previous characterization cycling or with
capacity. The data in Table 8 shows the averages of the midpoint values of
the bandwidth percentages of current going into oxygen (from Figures 12
31
Table 7
TYPICAL POSITIVE ELECTRODE CAPACITY DATA
100016 Depth of Discharge Cycling Mode
Capacity 3 Versus Cycle NumberCapa
Initial
Electrode
Number (ma-hrs)	 1	 2	 3 4	 5	 6	 10 12
45 1203	 1144	 1161	 1162 1141	 1162	 1162	 -- --	 1
128 1235	 1230	 1245	 1250 1257	 1260
	 --	 -- 1290 2
74 1240	 1194	 1230	 1230 1230	 1236	 --	 -- 1269 2
82 1063	 1144	 1161	 1180 1160	 1240	 1240	 -- --	 1
141 1053
	
1035	 1080	 1104 1110	 1125	 --	 1776 --	 2
121 1093	 1050	 1104	 1116 1128
	
1146	 1155	 -- 1230 2
Notes:	 1 Electrodes cycled six times, two cycles consecutive with several
days rest between cycles 2 and 3, and 4 and 5
2 Electrodes cycled twelve times, six cycles consecutive with
several days rest between cycles 6 and 7
3 Capacity in ma-hrs
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Table 8
SUMMARY PERCENTAGE OF CURRENT CONVERTED TO OXYGEN
VERSUS ELECTRODE STATE OF CHARGE
100 Depth of Discharge Cycling Mode
Electrode State of Charge 	 Remarks
Number	 Percentage	 Previous
of Electrodes
	
60	 75	 90
	 History
4	 2.2	 4.0	 7.2*
	
Initial characterization - .
6 cycles - capacity range
1200 - 1250 ms-hrs
4	 2.6	 4.6	 8.2
3	 2.4	 5.4	 10.6
10	 2.0	 4.1	 7.8
Recharacterized - 25 cycles -
capacity range 1200 - 1250
ma-hrs
Initial characterization -
6
 cycles - capacity range
1051 - 1100 ma-hrs
Recharacterized - 25 cycles -
capacity range 1051 - 1100
ma-hrs
*Percentage of charge current being converted to oxygen. Values are the
average values of the midpoints of the bandwidths shown in Figures 12 and 13
for each group of electrodes.
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and 13)versus the three states of charge for the various electrode histories.
Most of the electrodes show approximately two percent of the charge cur-
rent being converted to oxygen at a state of charge of 60 percent, in-
creasing semi-logarithmically to approximately eight percent at a state
of charge of 90 percent.
The gassing behavior of a given electrode during the course of the
twelve cycles is shown in Figure 14. In a given cycle the oxygen evolution
rate is a semi-logarithmic function of the state of charge. Qualitatively,
electrodes which were cycled twelve times showed a common pattern in
the shifting of the curves. Usually in the second, third, and, in some cases,
through the fifth, cycles, the curves shifted toward higher values of gassing
rates. Beyond the fifth cycle and througn the twelfth cycle, the curves were
approximately the same as observed for the first cycle.
Although the total prehistory of the electrodes does not appear to cor-
relate to gassing behavior, the immediate prehistory is apparently signifi-
cant. This is shown by the data given in the previous project report (NAS
5-3477? where marked changes in gassing rate were recorded for several
cycles after charge or discharge rates were changed.
25 Percent Depth of Discharge
Five electrodes were cycled in this mode for a total of 106 cycles.
Total discharges to determine residual capacities were made at the end of
the 26th, 51st, and 106th cycles. The electrodes received a charge of 120
percent of the nominal capacity at the start and after each residual capa-
city determination. The charge time was 1. 36 hours and the discharge
time was 1. 13 hours for the 25 percent depth of discharge cycling mode.
All charges and discharges were made at 300 milliamperes. The capacity
values determined for the electrodes at the completion of these cycles are
given in Table 9.
The majority of the electrodes show a slight decrease in capacity at
the 26th cycle and then a gradual increase after the 51st and 106th cycles.
There is no evidence of a loss of capacity.
The oxygen evolution of the electrodes is shown in Table 10. The data
indicate a gradual increase in the total oxygen evolved through the first 50
cycles, followed by a gradual decrease. The rate of oxygen evolution for
the electrodes during the course of cycling is summarized in Table 11.
There are no significant differences between the high and low capacity
electrodes.
Typical oxygen evolution rates for the 100 percent and 25 percent depth
of discharge cycling modes versus the electrode state of charge are com-
pared in Figure 15. The two lines are based on the average of all the data
36
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T able 9
SUMMARY
POSITIVE ELECTRODE RESIDUAL CAPACITY DATA
25% Depth of Discharge Cycling Mode
Capacity Versus Cycle Number
Electrode (in ma4irs)
Number Initial 26th	 51st 106th
131 1093 1050	 1100 1290
155 1085 1050	 1089 1209
281 1078 1020	 1065 1260
103 1232 1245	 1284 --
180 1200 1185	 1245 1395
38
Table 10
POSITIVE ELECTRODE OXYGEN EVOLUTION DATA
2516 Depth of Discharge Cycling Mode
Initial Oxygen Evolved in ma-hrs
Electrode Capacity Cycle Number
Number (ma4irs) 10 25	 50 100 106
103 1232 11.8 11.1	 12.8 7.32 6.3
180 1200 12.8 11.5	 13.1 7.3 6.3
131 1093 8.5 9.5	 13.3 -- 7.2
155 1085 3.0 8.9	 13.0 6.6 5.3
281 1078 -- 25.3	 14.8 7.2 5.8
*Total oxygen evolved at the end of one hour of charge. This is equivalent
to an electrode state of charge of approximately 95%.
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Table 11
POSITIVE ELECTRODE OXYGEN EVOLUTION RATE DATA
251/o Depth of Discharge Cycling Mode
Oxygen Evolution  Rate - ma
Electrode Cycle Number
Number 10 25 50 100 106
103 4. 5* 4.5 4.0 1.5 1.5
53.0 60.5 38.0 32.0
180 3.5 3.5 2.5 1.0 0.8
63.0 55.0 68.5 40.0 34.5
131 2.5 2.5 2.5 -- 2.0
41.0 47.0 70.0 -- 35.0
155 0.5 0.5 3.0 0.5 0.5
16.0 51.5 66.0 37.5 30.0
281 13.0 2.5 1.0 0.5
100.0 79.0 39.0 32.5
Rate at the end of one-half hour of charge. Charge rate: 300 ma.
_Rate at end of one hour of charge. Charge rate: 300. ma.
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in Tables 8 and 11. It appears that the oxygen evolution rate is depressed
in the shallow cycling mode until the electrodes are at a 95 percent state
of charge.
IMPURITY STUDIES_
The objectives of these studies were to determine the effect of selec-
ted impurities on the gassing and capacity characteristics of individual posi-
tive electrodes and their longer term effects on the performance of nickel-
cadmium test cells.
The impurities selected for investigation were those judged most likely
to be present in cells either from manufacturing or as a result of the deg-
radation of cell components in their normal operation. A list of the im-
purities investigated and the anticipated source is given in Table 12. The
concentration levels and forms in which these impurities were used in the
test program are given in Table 13. Details of the preparation of elec-
trodes and of the degraded products from organic materials are given be-
low.
Positive Electrode Tests
The effects of each impurity on the gassing behavior and capacity of
the positive electrodes were tested on at least two electrodes. These
were conducted in the oxygen monitoring facility used on the ' Positive Elec-
trode Behavior Studies described in Section 3, "Experimental Equipment and
Procedures, " of this report (see page 6). In all cases, the electrode gassing
behavior and capacity was first established by cycling in the 100 percent depth
of discharge mode using a constant current of 300 milliamperes for at least
six complete cycles of charge and discharge. The impurity was then added
to the electrolyte or the electrodes as indicated in Table 13. Cycling was
continued for at least another six cycles. These tests were conducted at
room temperature. The effects on gassing and capacity are summarizeu
in the following paragraphs.
Nitrate and Ammonium Ion. The effects of these ions were studied sequen-
tially on electrodes number 125 and 99. The results are summarized in
Table 14. The nitrate ion addition showed no effect on capacity, and re-
duced the normal oxygen evolution rate at the 90 percent state of charge by
35-60 percent. Subsequent additions of ammonium ion at a concentration of
1500 parts per million produced a temporary capacity reduction of 80 to 85
percent of the prior capacity and a temporary oxygen evolution rate of 10
percent of the initial rate. The capacity and gassing rate returned to values
obtained prior to the ammonium addition within five to six cycles.
Carbonate Ion. Three electrodes were examined. Two electrodes were se-
lected from the high end of the capacity distribution curve and one from the
1^w end of the curve. The results are summarized in Table 15. At concen-
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Table 12
IMPURITIES INVESTIGATED
,1
Source
Manufacturing
Plate.
Electrolyte
Degradation in Operation
Corrosion
Separators and Wetting
Agent
Type
NO3-1 CO2
Fe, Ag, Cu
SO4 , Cl-
Fe, Ag
Nylon
Carboxn._ .yl cellulose
NH4
43
Table 13
CONCENTRATION OF IMPURITIES
Item Form Concentration
Nitrate KNO3 500 ppm
Carbonate CO2 0.3 - 0.6 M
Ammonium N H4 OH 1500 ppm
Chloride KC1 400 ppm
Sulfate K2SO4 500 ppm
Iron Fe(NO3)3 Electrodes Impregnated
Copper Cu NO 3. with salt 200 ppm of ac-
Silver AgNO3 tive hydrate material
Nylon Digested in hot 3116 KOH
and then used as electrolyte
Carboxymethyl cellulose Digested in hot 31% KOH
and then used as electrolyte
Concentration in the electrolyte ( 290 cc of 31 1/c by weight KOH) unless
otherwise noted
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tration levels of 0. 3 and 0. 6 molar there were no significant effects on
either capacity or oxygen evolution rate as a function of electrode state of
charge.
Metallic Impurities. Four electrodes from the low end of the capacity dis-
tribution curve were used for these tests. They had been recharacterxzed for
capacity as discussed under"Positive Electrode Capacity Characterization "
(see page 19). Three of the washed and dried electrodes were unpregnated,
each with a different metal, by means of a five-minute soak in a 0. 5 percent
by weight solution of the metal nitrate. The electrodes were then soaked for
one hour in fresh 31 percent by weight potassium hydroxide, and then rinsed re-
peatedly with distilled water. From previous experiments it was estab-
lished that the electrodes soak up approximately 0.4 gram of water. For
this volume of liquid, the approximate metallic salt pickup per electrode
is two milligrams. This corresponds to approximately 200 parts of salt
per million parts of hydrated active material in the electrode. The fourth
electrode was not impregnated and was used as a control.
The results of the gassing and capacity measurements are summarized
in Table 16 and Figure 16. Silver and copper had no effect ou the oxygen
evolution rate or on the capacity of the electrode. Iron caused a plateau in
the capacity growth curve with cycling and a slight decrease in the gas evo-
lution rate at the higher states of charge (23 percent reduction at 90 per-
cent state of charge).
Sulfate Ion. Two electrodes were used for these tests. The results of the
capacity and gassing rate measurements are summarized in Table 17. The
results indicate that sulfate ion has no significant effect on capacity. One
of the electrodes showed a slight decrease in gassing rate at the higher
state of charge; the other did not.
Chloride Ion. The two electrodes for these tests had been recharacterized
for capacity as previously described. One of the electrodes n ras from the
low end of the capacity distribution curve and the other from the high end
of the curve. The results of the tests are summarized in Table 18. There
were no significant effects on gas evolution rate or on capacity for either
electrode.
Nylon Degradation Products. The effects of nylon degradation products
were simulated by digesting a wasted nylon separator in 31 percent by
weight potassium hydroxide at 100 0
 C for 72 hours. This solution
was then used as the electrolyte for the positive electrode gassing and ca-
pacity tests. The results of these measurements on two test electrodes
are summarized in Table 19 and Figure 17. There was no significant effect
on capacity. The gas evolution rate measurements showed larger bandwidths
for the electrolyte containing nylon products and a trend toward larger
rates at the higher states of charge. However, in general, the runs at the
end of the cycling sequence, before and after addition of the nylon-containing
electrolyte, are almost identical.
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Carboxymethyl Cellulose? For these tests a one percent by weight solu-
tion of carboxymethyl cellulose (CMC) in 31 percent by weight potassium
hydroxide was refluxed at ?0° C for 100 hours. This solution
was used undiluted for the tests to simulate the effect of degradation pro-
ducts frcm carboxymethyl cellulose.
Twa electrodes were checked for initial gassing and capacity behavior
for twenty cycles. After additions of the electrolyte containing degraded
carboxymethyl cellulose products, the behavior of the electrodes. was moni-
tored for an additional fifteen cycles. During the first twenty cycles, the
cycle control equipment and recording equipment malfunctioned and the data
reported are those which appear reliable.
The results are summarized in Table 20 and Figures 18 and 19.
Carboxymethyl cellulose degradation products had no effect on the capa-
city delivered by the electrodes. The rate of gas evolution was initially
drastically reduced 4-1/3 the lowest original behavior rate) and then
gradually increased and exceeded the original behavior rate (..50 percent
greater than the maximum original behavior rate).
Summary
None of the impurities at the concentrations tested showed any sig-
nificant effect on the capacity of the electrodes. Five of the impurities
showed varying degrees of reducation in the oxygen evolution rate;
these were the sulfate, ammonium, and nitrate ions, and iron impreg-
nation of the electrode. The products from carboxymethyl cellulose
first depressed the gassing rate but then, with continued cycling, the
gassing rate became 150 percent of the original.
The effects on capacity and oxygen gassing rate for all of the im-
purities are summarized in Table 21.
Test Cell Performance
On the basis of the previous screening results, it was decided to
determine the effect of carbonate, ammonium, nitrate and carboxy-
methyl cellulose on the performance of sealed test cells. The test
cells consisted of one positive electrode and two negatives. Details
of cell construction are given in Section 3, "Experimental Equipment
and Procedures " of this report.
The cells were cycled at a nominal 10 percent depth of discharge. Ten
cells were operated at room temperature and five cells were operated in
a 0° C environment. The concentration of impurities employed,
electrolyte volume, and charge-discharge conditions are given in Table 22.
In addition to the residual capacity measurements, the pressures developed
in the cells were periodically monitored.
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Table 22
SEALED CELLS TEST CONDITIONS
Impurities Tested
Carbonate	
—500 ppm in 91 %, by weight KOH
Ammonium	 Electrolyte volume approximately
Nitrate	 8 to 10 cc
Carboxymethyl cellulose
Cycling Conditions
Formation	 4 cycles r Charge 11 hrs at 14Q ma
Discharge 5 hrs at 250 ma
Cycling
	 Charge 1 hr at 140 ma
Discharge 1/2 hr at 250 ma
Residual	 Discharge 4-1/2 hrs at'250 ma
Capacities	 Charge 11 hrs at 140 ma
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The capacity measurement results are summarized in Table 23. The
data include the residual capacities obtained after cycle numbers 44, 100,
185, and 402, and the capacity of the cells following open circuit stands
r,: different durations after receiving a full charge.
An analysis of the residual capacity data shows that all cells, regard-
less of impurities and temperature, exhibit a decrease in residual capa-
cities with increasing number of shallow cycles. The residual capacities
at 0° C were in general higher than those obtained at room temp-
perature. The residual capacities show no strong correlation with a
specific impurity. The data in Table 24 show the range and averages
of the residual capacities expressed as a percentage of the capacity the
test cell yielded after afull charge upon completion of the 185th cycle.
At room temperature, the nitrate ion showed the highest percentage
values and the control cells the lowest values. At 0° C , the
difference between maximum and minimum values was less than at room
temperature.
After completion of the 185th cycle, the test cells were stored in a
discharged state for a period of approximately six months. Nine of the
cells previously operated at . room temperature were then cycled con-
tinuously for an additional 217 cycles at room temperature. A full charge
capacity determination was made prior to the start of cycling, and a
residual capacity determination was made upon the completion of the
test. Charge and discharge conditions for cycling were the same as
in the previous cycling tests. The capacities are listed in Tables 23
and 24. All of the test cells increased in full charge capacities. The
increase averaged approximately 10 percent of the full charge capacity
made shortly after the 185th cycle. Similarly, all cells showed higher
residual capacities than obtained - in the earlier cycles. The range
of the residual capacities expressed as a percentage of the full charge
capacity prior to the start of cycling is shown in Table 24. The re -
suRs suggest that with prolonged storage, the capacity of the cell is
increased.
Figure 20 shows a comparison of the residual capacities obtained
durung the shallow cycling with those obtained after various elapses°
times at open circuit with the cells having been initially fully charged.
The curves shown are based on the averages of the data of all ten cells
operated at room temperature. The residual capacity during cycling
was not greatly different from the residual capacity observed on open
circuit stand. The results suggest that self-discharge of the cells is
a predominate factor in the observed loss of capacity.
During the cycling of the test cells, the pressures developed in the
cells were periodically recorded. The intention was to find if there were
any unusual behavior caused by the impurities and also to note if pressure
60
'U^
QNLM
w
A
OD
N
0
M
w
N O N
N
N
m
O
m
O
COO
N
.^-^
O
O
N
O+ '
N t ..n
j 4t0
a " UL
O to	 0
OM .OO fDO O M M O O N N CD O N t N ^' OIL 
«. O O CDw ww Mw hO O Nto iSw MO OO wO t .Nr N mt. TO
U
.r ^" W d^
^U
LtYC
CUmN
CD O N O y N O O MM t! N N ti O O t0 r	
.7
e
W IOU
U L O M M N O N M O M w tr! N N , O to .126
 T
y	 d
rt
d ..
/^ O
^
w N N N ooD OM/ m COD ^ ^ ; ^ ; d Z' MFf"y'1. ^ ^ 0 0 o w o o ^ ^ , UC
to a N tDa t. N o N N M o N N N aD M M o o N o
W L OA ^' wm Nw (^-W +w wN O vOD [C^D wv Q^ w OO NO N Nw
W
^],.^
r-
U z 0
O
N
N
co
M
N
N
N
N
OCO OO O M_ CDOO Mto CD0p OF NN OML O	 + on w w w w w OD w w w w O y p
1-4U UM Q'' v
n	 Q OD O co M 0 O M M O M N O M N N
N
a
°^
Go w
atOi
0
W ^ aoi o m
N N .. N r-
U M n Mi N OD O N M N M.^ O O N N Nw N. N O N N t0 O O N.N.
W ^ M c-w oo ao Mw Oo row tiw Mw .^+o °.0
co
0 ^N+o M
t ° toL,
C'
1. 0
C^	 N
O
C
N
O
M
C
M
OOi
N p eq
8
M
OOi
O O , O M M -
., .,W w U ., tSi^ptC
EI wN coW OO 00CO OO aO'+ ON OO NN , Mw Nea NN OOD UtqO O t O O O O O O O ^ O « O O Q
a ^78
to
78 r
« t" U^
U b
00MN NOco'+ ONNN NONw NOMtp NNV N0 00t•N ONw0 w0ww NOM 00w 00 ODN ONODM NONN U U t"t0	 i, cd
G^ A ^' N M., ., N M., .. O N.. O N., ., O N., .. ON, O N., ^^ O M., O^ O N O N ^ m N M O M , V u
a w 
U
.» .. ., .. - - „ -
a N a
VI w N 41
3
43
o` 6 O O
^i
Z
n
O
n
O
•
dC
n
O
n
O
d
O
L
O
n
O
•
9C O
t" +^
Nz z z U U U z z z z z z V z z to
rb
t u ^
^' Una
t
.^ 'Q N O E NtD .^N O^-t N Ow
ti
N co.^
w
.+
O
M M
M
w
M
M
N
w
t0
N
aD
O
M
N
wd
U 
i60 y t ^ t t t 1 t 1 /// ^^,1 1 t t N M
C4 h N ip N O w O N
Mr
N 
w	 ^ m
g
d
o
z
61
Table 24
TEST CELL RESIDUAL CAPACITY RANGE
Cycles
Room Temperature Minimum	 Maximum Average
After 44th Cycle 78.8	 91.9 86.3
After 100th Cycle 77.8
	 89.2 82.6
After 185th Cycle 76.8
	 84.5 80.1
Rest 6 months
402nd Cycle 84.3	 97.0 88.1
0°C
After 44th Cycle 98.2	 101.5 99.7
After 100th Cycle 86.3	 92.5 89.7
After 185th Cycle 81.2	 87.7 84.3
Note: Values are percentages calculated as follows:
Test Cell Residual Capacity
after cycle indicated
Test Cell Capacity
after completion of cycling
column labelled 0 Hrs in
Table 23
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rises were in line with the gassing rate data obtained from the single posi-
tive electrode tests. The pressure versus time data over a period of ap-
proximately one month are recorded in Appendix VII. The initial pressures
in all cells was set between 15 and 25 inches of mercury vacuum prior to
the start of cycling. Thereafter the cells were kept sealed except for one
case where excessive pressure developed and the cell was vented once to
10 pounds per square inch gage, .
The pressure versus time profiles for the ten cells operated at room
temperature are plotted in Figures 21 through 25. The pressure peaks
developed by all cells occurred when the cells received a full charge follow-
ing the residual capacity determinations.
The test cells containing carbonate developed peak pressures and oper-
ating pressures between these peak pressures similar to the control cells.
These results correlate with the single electrode gassing rate tests (Table
21) which showed that carbonate did not alter the gassing character-
istics of the positive electrode.
The two test cells containing ammonium ion showed different behavior
(Figure 23). One cell was vented once and subsequently continued to de-
velop higher peak pressures than the control cells. The other cell be-
haved like the contrci cells. A larger pressure rise was expected since
the ammonium is oxidized to nitrogen and water. Apparently in one cell
this occurred and in the other it did not. The reasons for this difference
in behavior is not known. The test cell operated at O o
 C did not develop
high pressure and behaved like the control cells at Oo C.
The test cells containing nitrates developed lower peak pressures and
operating pressures between these peaks than the control cells. These
results correlate with the si ngle electrode tests which showed that
the gassing rate was reduced from 35 to 65 percent of the original rate.
The test cell containing the digested products of carboxymethyl cellu-
lose showed the lowest pressure values of all the test cells. These results
correlate with the initial observations made on the single electrode tests
where the ga.3sing rate was initially reduced to 10 percent of original rate
observed without the contaminant. However, the single electrode tests
showed that with continuing cycling (after 15 complete charge- discharge
cycles) the gassing rate was 150 percent of the original rate observed
without the contaminet. This difference may be explained in part since
the total amount of contaminants present in the test cells was considerably
less than that present in the single electrode tests. The volume of electro-
lyte used in the test cells was less than 10 cubic centimeters and in the
case of the single electrode tests, the electrolyte volume was approximately
290 cubic centimeters. Secondly, the concentration of carboxymethyl cellulose
in the test cells was 500 parts per million versus 10, 000 parts per million
in the single electrode tests.
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The pressure versus time proflies for the five test cells operated at
00 C are shown in Figures 26-29. The peak pressures and operating
pressure values between peaks were all lower than the corresponding
roomtemperature results.
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Section 5
NEW TECHNOLOGY STATEMENT
Although the work presented in this report was not likely to uncover
patentable areas, a number of areas of New Technology were uncovered.
These areas of New Technology are:
PAGE 19
The positive electrode capacity distribution data have not been reported
in detail previously. As such, the data of Figure 10, Appendix N, and
Table 1 represent New Technology.
PAGE 23
Data that show the effects of storage on positive electrodes have not
been recorded or reported previously. As a consequence, the data of
Table 3, Appendix V, and Table 4 represent New Technology.
PAGE 27
The data that show the effect of charging for 5-1/2 hours and discharge
for 5 hours (cycles 9-14) producing the high periodic capacities that rep-
resent an unusual effect not previously reported. Thus the data of Tables
5 and 6 represent New Technology.
PAGE 31
The results in Figures 12 and 13 that show the oxygen evolution rates
represent New Technology, since similar information has not been previously
published.
PAGE 42
The effects of various impurities on the gassing rates and capacities
have not been previously reported in detail. As such, the entire section
of this report dealing with the Impurity Studies should be considered
New Technology.
PAGE 60
The information dealing with the residual capacities of the test cells
starting on this page has not been previously investigated or reported in any
detail. Therefore, the entire Section of the report dealing with this area
should be regarded as New Technology.
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APPENDIX I
Appendix I
PLATE MATERIAL HISTORY
Neeative Plates
Post and Spiral 2114-2 2120-6 2223-5 2166-3
Lot No. 2 3 4 5
Hydrate per dm' 16.84 17. 64 17.84 14.93
Thickness Dry Coated 0.904 0.866 0.848 0.886
Weight, Dry Coated per 1 dma 8.44 8.47 8.39 7.54
Weight, Impregnated per 2 m2 16.86 17.29 17.31 17.51
Capacity by Electrochemical 5.16 5.30 5.17 4.00
Testing, Ampere4lour /dm2
Sinter Furnace 1 1 3 1
Date 11/22 11/23 12/28 12/4
Time 1820 0620 0200 2230
Spiral Date 11/23/64 11/25/64 12/28/64 12/7/64
Electrochemical Cleaning
Date 11/28/64 11/29/64 1/4/64 12/15/64
All Positive Plates - Blend No. 525
Hydrates
Impregnated Weight
Thickness
Capacity
Cycles
Weight, Dry Coated per Z dm2
16. 47 per 2 dma
26. 72 per dm'
0. 895 millimeter
3. 65 ampere-hour/ dm2
8
9.71
77

Appendix II
GAINESVILLE ELECTROCHEMICAL TEST DATA ON ELECTRODES
Post and Spiral: Positive Blend 525, Negative 2114-2, Lot Number 2
Ampere-hour* Ampere-hour*
Cell Number Negative Capacity Positive Capacity
1 17.73 11.25
2 17.15 11.25
3 16.22 11.54
4 15.84 11.30
5 15.28 11.05
6 17.53 11.39
7 16.75 10.71
8 17.43 10.91
9 16.90 10.76
10 17.11 10.86
11 17.19 11.49
12 16.73 10.91
13 17.27 11.30
14 17.45 11.44
15 16.79 10.76
16 16.62 11.54
17 17.86 11.44
18 17.29 10.86
19 17.15 11.15
20 16.98 11.05
*Charged at 1.21 amperes
Discharged at 2. 91 amperes
Capacity on second forward discharge cycle to 1. 0 volt
ii
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Ampere-hour*
Negative Capacit
15.71
15.55
15.47
Amp er a-hour
Positive Capacit
10.91
10.81
10.66
Appendix II (Cont'd)
GAINESVILLE ELECTROCHEMICAL TEST DATA ON ELECTRODES
Post and Spiral: Positive Blend 525, Negative 2120. 6, Lot Number 3
Cell Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
15.76
16.20
16.59
17.22
15.54
15.54
16.22
14.74
16.80
17.61
16.24
14.95
14.94
16.13
16.09
16.25
16.54
15.68
15.92
15.67
15.99
16.84
15.62
15.57
15.54
15.32
10.76
10.86
10.47
10.86
10.86
11.00
10.71
11.49
10.76
1C. 42
10.71
10.42
10.91
10.76
11.49
11.10
10.81
10.71
11.00
10.71
10.37
10.81
11.15
10.56
10.66
11.00
*Charged at 1.21 amperes
Discharged at 2.91 amperes
Capacity on second forward discharge cycle to 1.0 volt
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Appendix II (Cont'd)
GAINESVILLE ELECTROCHEMICAL TEST DATA ON ELECTRODES
Post and Spiral: Positive Blend 525, Negative 2223-5, Lot Number 4
Ampere-hour* Ampere-hour*
Cell Number NeLative Capacity Positive Capacity
1 16.11 11.20
2 16.34 11.54
3 16.48 11.34
4 16.44 11.34
5 16.74 10.96
6 16.81 11.20
7 16.87 11.34
8 16.38 11.39
9 17.01 11.39
10 16.61 11.64
11 16.46 11.20
12 16.57 11.39
13 16.83 11.64
14 16.62 11.05
15 16.73 11.39
16 16.34 11.49
17 17.21 10.91
18 17.06 11.34
19 16.58 11.34
20 16.67 11.44
21 16.57 10.91
22 17.25 11.64
^W
 harged at 1.21 amperes
Discharged at 2. 91 amperes
Capacity on second forward discharge cycle to 1.0 volt
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Appendix II (Cont'd)
GAINESVILLE ELECTROCHEMICAL TEST DATA ON ELECTRODES
Post and Spiral: Positive Blend 525, Negative 2166-3, Lot Number 5
Amp ere -hour
Negative Capacity
18.20
18.20
18.17
17.87
17.38
18.09
18.20
18.35
18.24
18.19
Ampere-hour's
Positive Capacity
11.30
11.09
10.57
10.42
10.57
10.73
11.23
11.23
8.73
11.39
Cell Number
1
2
3
4
5
6
7
8
9
10
=Charged at 1.21 amperes
Discharged at 2. 91 amperes
Capacity on second forward discharge cycle to 1. 0 volt
82

-1 SW
^zd^a0 ow,w o I I III IQ E) Q+ R' R G''
P-17
etc.
10 Positions
Total	 Q
P-5	 K-2 - P-18
Appendix
MODIFIED NICKEL-CADMIUM CHARACTERIZ
P-4
S2	 S10!S1
R 1
	 1 R2	 TB2 R
R 11	 P16 R 12	 P17 R2'
K-6
K-3-A TJK
K-7
3 B 	 s
Note: R L changed with variation in load
C/ 10	 500	 12. 5 Watts	 Ohmite 0117
C/2 	 100
	 25. 0 Watts
	 Ohmite 0151
C	 50	 50. 0 Watts
	 Ohmite 0318
S3
III
TION CYCLE CONTROL SCHEMATIC
PARTS LISTS
10
 1 B 100	
K-8
K-5-B
III I
+R 1 R +
P-15
P-1 Line Cord, CA-CB Controller
P-2 Control, Charge, Pin Jacks, Yellow
P-3 Control, Discharge, Pin Jacks, Red
P-4 Input Charge, CCS, Terminal
P-5 Input Discharge, CCS Terminal
P-6 - P-15 Pin Jacks, Cell Input Red +, Green +, White R,
Blue -, Black -
P-16 - P-17 Pin Jacks Recorder, Red +, Black -
P-18 Pin Jacks, Green and Red for RL
SW Switch, Toggle SPDT
F Fuse, 3A
PL-1 Pilot, Master, Green
PL-2 Pilot, Charge, Yellow
PL-3 Pilot, Discharge, Red
T Timer, CM, 2 Minutes
RL Load Resistance (see drawing)
K-1 & K-2 Mercury Relay, 3PST 2NO, 1NC, Ebert EM7, 110 VAC
Coil
K-3 & K-4 Leach 329-7 4PDT, 110 VAC Coil
K-5 Leach 337 2 PDT, 110 VAC :Coil
K-6 & K-7 Leach 329-7 4PDT, 110 VAC Coil
K-8 Leach 337-7 2PDT, 110 VAC Coil
S-1 - S-10 Switch SPST Toggle "Bias"
B-1 - B-10 Battery Mercury O Cell
R-1 - R-10 50, 000 Ohms, 2 Watts
R-11 - R-20 3 Megawatts
8*
APPENDIX IV
Appendix IV
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average Average
Discharge Graphitic
Electrode Capacity Slope Capacity Slope
Number (ma-hrs) (ma-hrs/cycle) (ma-hrs) (ma.•hrs/cycle)
84 1050 -	 7.7 238 28
98 1033 -	 2.1 250 24
9 1080 -13.8 53 1.3
10 1053 -10.0 83 6.3
82 1063 -14.1 168 28
37 1098 -	 7.5 90 14
93 1065 - 9.4 200 25
22 1055 0.0 208 37.3
25 1090 -	 1.7 128 18
60 1090 - 4.3 175 31
78 1090 0.0 138 30
85 1083 -	 2.1 178 28
94 1078 -	 2.1 203 24
24 1058 2.1 153 32
40 1080 3.0 90 9
72 1095 2.6 100 13
86 1098 1.3 215 25
100 1070 1.7 240 27
92 1055 5.1 53 9
19 1113 -27.0 165 35
6 1145 -16.3 55 5
3 1120 -11.3 65 3
1115 -11.3 58 5
34 1104 -13.5 171 29
36 1131 -10.5 111 14
89 1145 -10.3 168 27
4 1145 -	 8.8 50 1.3
20 1116 -	 6.0 135 20
35 1125 -	 9.0 111 23
59 1133 - 5.6 180 32
68 1120 -	 7.7 215 33
81 1150 -	 6.0 188 24
91 1120 - 9.4 143 15
96 1133 -	 5.6 163 24
23 1108 -	 1.3 190 34.3
38 1149 - 4.5 87 6
54 1115 - 4.3 233 31.3
55 1103 -	 3.9 235 31
(cont'd)
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Electrode
Number
76
26
28
43
30
33
56
57
8
32
2
7
16
52
53
70
87
88
90
99
12
21
27
42
61
63
75
77
83
95
73
97
49
46
1118
1105
1105
1119
1118
1110
1150
1138
1173
1191
1175
1165
1164
1168
1158
1178
1173
1168
1193
1200
1200
1198
1175
1170
1190
1185
1195
1158
1158
1160
1198
1153
1182
1194
Average
Discharge
C apacity
Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average
Graphitic
Slope Capacity
(ma-hrs /cycle) (ma-hrs)
- 3.0 155
4.3 128
3.4 200
1.5 99
5.6 208
7.5 84
13.7 178
14.1 188
-15.0 60
-12.0 117
-	 8.8 68
-
	 7.5 28
- 9.0 123
-	 8.1 203
-	 8.1 120
- 7.3 150
-	 6.4 150
- 5.6 150
-	 8.1 153
- 6.0 213
- 4.5 174
-	 1.3 155
0.0 148
-	 1.0 111
-	 1.7 170
- 4.3 135
- 4.3 150
-	 2.1 133
-	 1.5 148
- 4.3 130
0.4 208
3.9 108
8.3 144
10.5 99
Slope
(ma-hrs/cycle)
26
18
27
15
30
11
30
30
6.3
21
5.0
1.3
24
27
15
20
20
21
19.3
11
23
23
24
6.7
27
25
22
17
15
21
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Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average Average
Discharge Graphitic
Electrode Capacity Slope Capacity Slope
Number (ma-hrs) (ma-hrs/cycle) (mahrs) (ma-hrs/cycle)
1 1208 -26.3 115 3
51 1218 -23.6 210 27
11 1221 -12.0 183 20
13 1230 -10.5 120 20
39 1227 -12.0 135 18
14 1215 - 9.0 165 18
17 1221 -	 6.0 163 17
31 1230 - 9.0 147 2
66 1203 - 6.4 163 21
67 1218 - 9.9 145 18
74 1240 -	 6.9 123 20
18 1236 -	 1.5 159 15
41 1209 - 2.6 135 15
47 1233 -	 1.2 138 15
48 1203 - 2.2 123 6
50 1227 - 0.8 210 7.1
79 1248 -	 1.3 208 13.3
80 1220 - 0.9 205 15
29 1238 2.1 165 17
44 1236 3.7 174 10
62 1230 1.7 125 15
45 1203 9.9 108 8
15 1254 - 9.0 186 15
64 1295 0.0 170 11
65 1298 - 2.1 153 15
58 1255 0.9 173 31
87
Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average Average
Discharge Graphitic
Electrode C apacity Slope Capacity Slope
Number (ma-hrs) (ma-hrs/cycle) (ma-hrs) (ma-hrs/cycle)
152 997 - 3.0 110 25.7
172 1031 -15.0 191 33.0
122 1045 -12.0 140 25.7
132 1035 -	 5.1 130 26.6
159 1042 - 5.6 152 28.7
197 1027 -	 2.1 100 18.9
183 1015 - 3.4 137 23.6
184 1027 0.4 95 15.4
194 1027 0.4 82 18.4
148 1030 0.0 105 25.7
140 1015 5.1 197 27.9
133 1065 - 7.7 140 24.9
135 1075 - 6.0 140 21.4
165 1086 - 7.5 129 25.5
177 1080 - 6.0 111 28.5
125 1060 - 6.0 152 26.1
140 1085 - 6.0 175 29.1
167 1056 - 7.5 171 37.5
193 1060 - 4.3 70 13.7
105 1090 -	 1.7 95 15.4
174 1080 - 4.5 87 18.0
155 1085 - 3.4 95 20.6
131 1092 - 3.9 140 19.7
163 1095 - 4.5 114 19.5
187 1077 - 0.4 112 17.6
195 1055 -	 1.7 122 19.3
121 1092 - 3.9 125 21.4
145 1085 - 3.4 117 20.1
117 1052 - 2.1 145 28.3
141 1052 - 2.1 127 28.7
158 1085 0.0 85 16.3
142 1095 4.3 92 20.1
198 1060 1.7 85 20.6
182 1097 1.3 130 13.7
175 1089 1.5 102 24.0
192 1080 2.6 120 24.9
139 1087 0.4 177 25.3
151 1077 5.6 165 1.9.7
168 1080 10.5 156 46.5
154 1082 26.1 92 21.0
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Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average Average
Discharge Graphitic
Electrode Capacity Slope Capacity Slope
Number (ma-hre) (ma-hrs/cycle) (mom (ma-hrs/cycle)
101 1115 -10.3 97 18.4
111 1115 -10.3 157 28.7
124 1142 - 7.3 95 9.4
123 1120 - 8.6 95 13.7
115 1120 - 0.9 90 11.1
156 1122 -	 2.1 57 14.1
176 1134 - 4.5 93 16.5
138 1132 -	 2.1 95 21.4
126 1132 - 3.9 137 -21.9
200 1147 - 3.9 147 4.7
129 1147 -	 3.9 115 12.0
164 1107 -	 1.5 117 18.0
189 1150 0.0 130 16.3
146 1125 - 4.3 105 25.7
171 1116 - 3.0 150 31.5
150 1122 - 2.1 160 22.3
104 1127 -	 2.1 160 30.0
185 1127 0.4 90 13.7
143 1130 6.0 90 14.6
169 1107 7.5 99 21.0
178 1113 10.5 132 36.0
144 1125 26.6 127 29.6
191 1155 -18.0 157 14.1
162 1176
-12.0 99 15.0
173 1158 - 7.5 108 21.0
181 1157 - 0.4 77 8.1
153 1170 - 4.3 90 18.9
179 1155 - 4.5 90 19.5
199 1187 - 3.0 142 4.7
160 1162 -
	 2.1 140 18.0
130 1157 -	 1.3 135 24.0
114 1155 - 0.9 120 27.4
161 1161 - 3.0 126 30.0
112 1155 - 4.3 160 13.7
180 1200 - 3.0 156 12.0
102 1155 - 4.3 167 "17.6
116 1170 - 0.9 195 20.6
157 1197 0.4 87 17.6
190 1175 2.6 147 4.7
188 1157 2.1 130 25.7
186 1155 9.4 92 5.6
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Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
1.
Average Average
Discharge Graphitic
Electrode Capacity Slope Capacity Slope
Number (ma.hre) (ma-hrs/cycle) (ma-hro) (ma-hrs/cycle)
147 1155 7.7 67 11.6
170 1152 7.5 75 15.0
136 1160 5.1 127 -18.4
196 1200 9.4 137 12.4
137 1167 26.1 125 21.4
109 1242 -12.4 185 12.9
128 1235 -	 5.1 122 15.0
113 1210 -	 5.1 150 15.4
166 1239 - 4.5 105 15.0
134 1207 - 3.9 115 18.9
103 1232 -	 1.3 167 14.1
120 1247 - 3.9 190 15.4
107 1235 0.0 140 14.6
106 1217 2.1 195 11.1
119 1280 -18.9 177 15.9
118 1270 1.7 127 29.6
108 1275 6.0 190 22.3
215 1012 - 3.9 137 21.9
290 1020 - 2.6 225 30.0
282 1045 6.0 127 26.1
202 1070 -11.1 110 17.1
217 1080 -11.1 120 18.0
242 1100 -11.1 130 18.0
211 1095 - 6.9 120 14.6
220 1082 - 7.3 117 12.4
245 1082 - 6.4 150 30.9
297 1092 - 5.6 140 31.7
260 1080 - 6.9 182 28.7
228 1092 - 2.1 135 23.1
234 1100 - 0.9 142 22.7
251 1077 - 3.0 145 23.1
236 1082 -	 2.1 147 27.9
244 1052 -	 2.1 130 30.0
250 1052 - 2.1 192 29.6
281 1077 -	 1.3 152 28.7
230 1052 - 2.1 215 26.6
312 1085 - 0.9 240 28.3
237 1090 1.7 127 26.1
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Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average Average
Discharge Graphitic
Electrode Capacity Slope Capacity Slope
Number (ma-hrs) (ma-hrs/cycle) (ma-hrs) (ma4irs/cycle)
252 1082 1.3 140 27.4
233 1060 1.7 140 30.9
210 1090 0.0 200 27.4
311 1096 3.3 161 28.2
313 1072 0.4 252 26.1
212 1150 -11.1 100 14.6
201 1125 - 9.4 112 12.4
207 1115 - 9.4 107 15.0
248 1127 - 5.6 112 26.1
300 1140 - 6.9 157 28.7
316 1122 - 5.6 152 29.6
287 1132 - 5.6 162 34.7
318 1120 - 5.1 170 34.3
219 1110 - 2.6 95 14.6
257 1135 - 1.7 97 21.9
293 1107 - 4.7 97 21.9
231 1147 -	 2.1 140 20.6
232 1150 -	 1.7 142 21.0
296 1140 0.0 140 28.3
226 1132 - 2.1 162 22.7
227 1145 0.9 97 19.3
255 1132 3.0 107 21.9
317 1140 1.7 145 23.1
238 1132 3.9 182 27.9
306 1107 1.3 160 30.9
240 1142 4.7 252 11.6
292 1120 8.6 117 13.3
224 1125 6.9 145 25.7
284 1120 12.9 172 35.6
314 1140 30.0 145 37.5
291 1162 -27.0 195 13.7
205 1157 - 8.1 97 11.6
222 1200 - 8.6 100 11.1
206 1195 - 7.7 105 9.4
208 1180 - 7.7 145 7.7
216 1170 - 7.7 112 9.9
210 1172 - 7.3 107 10.7
218 1167 - 9.9 122 15.0
241 1157 - 6.4 127 12.4
209 1180 - 7.7 157 4.7
295 1165 - 5.1 152 32.1
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Appendix IV (Cont'd)
CAPACITY DATA FOR CHARACTERIZED POSITIVE ELECTRODES
Average Average
Discharge Graphitic
Electrode Capacity Slope Capacity Slope
Number (ma-hrs) (ma-hro/cycle) (ma-hrs) (ma-hrs/cycle)
249 1197 -	 1.3 95 7.7
283 1190 - 3.4 125 12.9
221 1162 -	 2.1 132 15.0
243 1195 - 3.4 150 17.1
235 1170 0.0 147 25.3
246 1170 - 4.3 172 15.9
253 1190 - 0.9 157 15.9
258 1195 - 2.6 162 15.9
298 1197 - 3.0 172 16.7
320 1180 - 4.3 165 19.7
315 1162 1.3 130 24.9
301 1195 5.1 122 11.6
289 1180 6.0 110 17.1
294 1167 16.7 130 23.1
204 1202 - 6.4 147 6.4
213 1222 - 5.6 115 5.1
203 1202 - 3.9 120 7.7
214 1217 - 3.0 147 6.4
247 1212 - 4.7 137 15.0
223 1202 - 2.1 132 18.4
256 1215 - 4.3 125 19.7
254 1235 -	 1.7 170 13.7
307 1225 - 2.6 200 13.7
225 1230 0.0 162 15.9
285 1202 -	 2.1 175 18.0
309 1207 - 3.0 157 21.0
286 1225 0.9 167 19.3
259 1202 5.6 100 3.4
302 1265 - 6.0 177 12.4
303 1260 - 4.3 170 13.7
305 1255 - 3.4 167 12.4
319 1272 - 4.7 197 12.4
308 1280 1.7 132 9.0
229 1255 3.4 162 11.6
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Appendix V
RECHARACTERIZATION CAPACITY DATA
Group 1 (16 Cycles Only)
CapacityElectrode No. (ma-hrs)
Cycle Number 1 5 15
31 1200 1215 1230
99 1155 1200 1290
109 1185 1200 1350
113 1185 1260 1350
134 1185 1215 1290
166 1230 1260 1305
204 1200 1230 1320
213 1215 1230 1275
214 1215 1215 1290
222 1200 1200 1245
37 1080 1080 1185
125 1005 1050 1170
140 1035 1020 1200
165 1080 1140 1230
177 -- -- 1245
202 1080 1095 1185
220 1065 1110 1200
245 1125 1155 1245
260 1035 1065 1185
297 1050 1110 1230
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Appendix V (Cont'd)
RECHARACTERIZATION CAPACITY DATA
Group 2
Capacit(ma-hrsElectrode No.
Cycle Number 1 5 1F 24
12 1185 1230 1275 1335
21 1125 1200 1230 1260
50 1185 1215 1260 1305
79 1230 1245 1320 1365
80 1200 1215 1275 1350
107 1230 1260 1325 1380
120 1260 1305 1380 1410
285 1170 1290 1290 1365
307 1170 1230 1290 1350
309 1170 1230 1290 1320
40 1035 1080 1170 1275
72 1065 1140 1200 1230
78 1080 1125 1260 1290
142 1095 1155 1260 1290
158 1080 -- 1215 1260
175 1095 1155 1260 1290
182 1125 1170 1230 1275
192 1095 1215 1200 1275
198 1080 1110 1185 1260
237 1035 1110 1215 1245
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Appendix V (C ont 'd)
RECHARACTERIZATION CAPACITY DATA
Group 3
Capacity
Electrode No. (ma-hrs)
Cycle Number 5 15 26
39 1215 1275 1350
44 1185 4-185 1260
62 1215 1290 1350
29 1200 1245 1335
51 1200 1320 1380
106 1290 1275 1395
196 1230 1275 1365
225 1245 1335 1395
259 1185 1245 1320
289 1200 1260 1320
24 1035 1185 1290
86 1185 1200 1260
92 1185 1245 1320
100 1110 1215 1275
139 1125 1215 1290
233 1095 -- 1260
252 1155 1245 1290
310 1155 1245 1305
311 1125 1215 1290
313 1140 1215 1260
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Appendix V (C ont'd)
RFCHARACTERIZATION CAPACITY DATA
Group 4
Cap cit.y-
Electrode No. (mars)
Cycle Number	 5 15 24
229 1290 1320 1380
302 1275 1230 1320
303 1290 1350 1425
305 1275 1320 1365
119 1305 -- 1410
65 1275 1290 1335
58 1200 1236 1290
319 1290 1200 1350
308 1305 1305 1335
118 1245 1305 1350
98 1095 1185 1260
122 1080 1110 1230
132 1110 1215 1275
159 1095 1155 1215
172 1110 1215 1260
183 1095 1170 1230
184 1110 1161 1215
197 1095 1140 1215
215 1110 1230 1245
290 1065 1170 1230
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Appendix VI
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 45
Initial Characterization Capacity: 	 1203 ma-hrs
Cycling Mode:
	
10016 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Total Cycles 6; Two Consecutive Cycles with Several Days Rest
in Between
Cycle	 Electrode Cycle Electrode
Number	 State Current Number State °Current
and	 of Into and of Into
Capacity	 Charge Oxygen Capacity Charge Oxygen
(ma-hrs)
	
% % (ma-hrs) % %
1-1144	 13.1 0.0 4-1141 13.1 0.0
2 6. 2 0.3 26.3 0.7
39.2 1.1 39.2 2.2
52.2 2.1 52.0 4.3
65.1 3.4 64.7 7.3
77.9 5.5 77.2 11.0
90.5 8.8 89.5 16.8
102.6 17.5 101.5 25.0
2-1161	 12.9 0.0 5-1162 12.9 0.0
25.8 0.2 25.8 0.7
38.7 0.9 38.5 1.6
51.4 2.3 51.2 3.3
64.0 4.4 63.8 5.7
76.5 6.9 76.2 8.0
88.8 11.5 88.5 12.3
100.3 25.0 103.3 20.0
3-1162	 25.8 0.0 6-1162 12.9 0.0
38.7 0.8 25.8 0.3
51.4 2.0 38.6 1.3
64.1 3.3 51.3 3.0
76.7 5.2 63.8 5.3
89.1 9.0 76.2 8.7
100.9 18.7 88.4 12.7
11-,2 21.7
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Appendix VI (Cunt'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 74
Initial Characterization Capacity: 1240 ma hrs
Cycling Mode:
	
100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Total Cycles 18;	 Six Consecutive Cycles with Several Days Rest
in Between; ~0. 3 M Carbonate Added after Cycle 12
Cycle	 Electrode Cycle Electrode
Number	 State Current Number State Current
and	 of Into and of Into
Capacity	 Charge Oxygen Capacity Charge Oxygen
(ma-hrs)
	 % % (ma-hrs) %
1-1194	 25.1 0.0 5-1236 24.3 0.0
37.7 0.3 36.4 0.2
50.1 1.3 48.5 1.0
62.5 2.3 60.4 2.7
74.9 3.0 72.2 4.7
87.2 5.0 84.0 7.0
99.4 8.3 95.6 10.3
2 -1230	 24.4 0.0 12-1269 23.6 0.0
36.5 1.0 35.5 0.24
48.5 2.7 47.2 0.8
60.3 5.0 58.9 1.7
72.1 7.3 70.5 3.0
83.8 10.3 82.1 5.3
95.3 16.7 93.4 7.8
3-1230
	
24.4 0.0
.14-1269 23.6 0.0
36.5 0.3 35.5 0.2
48.6 1.7 47.2 0.6
60.6 3.3 58.9 1.8
72.4 5.7 70.5 3.8
84.2 7.7 81.9 6.0
96.0 10.7 93.3 8.8
4-1230	 24.4 0.0
36.6 0.3
48.7 1.3
60.7 2.7
72.6 4.0
84.4 7.0
96.1 10.3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 82
Initial Characterization Capacity: 1063 ma-hrs
Cycling Mode: 10010 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Total Cycles 6; Two Consecutive Cycles with Several Days in
Between
Cycle	 Electrode Cycle Electrode
Number	 State Current Number State Current
and	 of Into and of Into
Capacity	 Charge Oxygen Capacity Charge Oxygen
(ma-hrs)	 % % (ma-hrs) % %
1-1144	 13.1 0.0 4-1162 25.8 0.0
26.2 0.2 38.7 0.5
39.2 1.0 51.4 2.3
52.2 2.0 63.9 4.7
65.1 2.9 76.4 7. C
78.0
 
4 .'2 88.8 10.0
90.9 5.5 101.1 14.3
103.6 9.4
2-1161	 12.9 0.0 5-1236 24.3 0.0
25.8 0.2 36.4 1.0
38.7 0.7 48.3 2.0
51.5 2.2 60.2 3.3
64.0 4.2 72.1 4.3
76.6 6.3 84.1 6.0
89.0 9.2 95.8 8.6
101.3 13.8
3-1180	 25.4 0.0 6-1236 12.1 0.0
38.1 0.5 24.3 0.3
50.7 1.1 36.3 0.7
63.3 2.0 48.4 1.3
75.8 3.3 60.3 3.3
88.2 5.3 72.1 5.3
100.5 8.3 83.8 7.7
95.5 11.0
t	 I
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 99
Initial Characterization Capacity: 1200 ma-hrs
Cycling Mode: 10010 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 9 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs ) %, % (ma-hrs) %
1-1200 12.5 0.0 8-1275 23.5 0.0
25.0 0.2 35.3 0.2
37.4 1.3 47.0 1.0
49.6 2.7 58.5 2.7
61.7 3.8 69.9 4.8
73.6 5.7 80.9 7.3
85.2 9.0 91.6 11.3
96.0 13.7 101.4 22.0
106.3 27.0
3-1240 24.2 0.0 9-1275 23.5 0.0
36.3 0.2 47.0 0.2
48.3 1.0 58.5 2.3
60.2 2.3 69.9 4.3
71.9 3.7 81.0 6.8
83.14 6.3 9.17 11.3
94.5 10.0 101.4 25.0
104.7 22.7
4-1245 24.1 0.0
36.1 0.2
48.1 1.0
60.0 2.0
71.7 3.7
83.2 5.7
94.3 9.7
104.5 20.9
i00 ￿=
Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number:	 107
Initial Characterization Capacity: 1235 ma-hrs
Cycling Mode:	 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 9 Cycles
Cycle	 Electrode Cycle Electrode
Number	 State Current Number State Current
and	 of Into and of Into
Capacity	 Charge Oxygen Capacity Charge Oxygen
(ma-hrs)	 % % (ma-hrs)
1-1320	 11.4 0.0 7-1380 21.7 0.0
22.7 0. 1 32.6 0.1
34.1 0.4 43.5 0.3
45.3 1.2 54.3 1.0
56.5 2.2 64.9 2.2
67.6 3.4 75.5 3.8
78.5 4.7 85.8 5.9
89.2 7.1 95.9 9.5
99.4 12.2 104.9 25.3
3-1320	 22.7 0.0 9-1425 21.1 0.0
34.1 0.2 31.6 0.2
45.4 0.7 42.0 0.8
56.6 1.9 52.4 1.6
67.7 2.8 62.7 2.8
78.6
 4.8 72.9 4.3
89.3 7.0 82.8 6.5
99.7 10.9 92.5 10.3
108.7 29.7 101.1 26.9
5-1350	 22.2 0.0
33.3 0.1
44.4 0.4
55.4 1.2
66.4 2.2
77.1 4.0
87.7 6.1
97.9 9.9
106.9 27.1
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number:	 121
Initial Characterization Capacity: 1093 marhrs
Cycling Mode: 10016 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature.
Remarks: Total Cycles 18: Six Consecutive Cycles with Several Days Rest
in Between; .0. 3 M Carbonate Added After Cycle .12
Cycle	 Electrode Cycle Electrode
Number	 State Current	 Number State Current
and	 of Into	 and of Into
Capacity	 Charge Oxygen	 Capacity Charge Oxygen
(ma-hrs)	 % %	 -	 (ma-hrs) % %
1-1050	 14.3 0.0	 5-1146 39.3 0.0
28.5 0.3 52.3 o.3
42.8 1.0 65.3 1.3
56.9 2.0 78.1 3.3
71.0 2.7 90.8 6.0
85.0 4.7 103.2 11.7
98.7 8.7
13.6
27.2
40.7
54.1
67.2
79.8
92.8
13.4
26.8
40.3
53.6
66.9
79.8
92.3
105.1
13.3
26.6
39.9
53.2
66.4
79.4
92.2
104.8
0.0
0.2
0.7
2.0
7.3
10.7
13.0
0.0
0.0
0.2
0.8
2.0
7.3
10.7
14.7
0.0
0.0
0.0
0.3
1.3
3.7
6.0
12.3
102
6-1155
12-1230
14-1230
39.0
51.9
64.8
77.6
90.2
102.1
24.4
48.8
60.9
73.0
84.8
96.4
24.4
48.8
60.9
72.9
84.7
96.4
0.0
0.3
1.3
2.7
5.7
10.3
0.0
0.2
0.5
2.2
4.8
9.0
0.0
0.2
1.0
2.7
4.7
9.0
2-1104
3-1116
4-1128
Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 125
Initial Characterization Capacity: 1060 ma-hrs
Cycling Mode: 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 8 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma-hrs) % %
1-1116 13.4 0.0 8-1179 25.4 0.0
26.9 0.3 38.1 0.7
40.2 0.8 50.7 1.0
53.5 2.0 63.3 2.3
66.5 3.8 75.5 4.5
79.3 6.2 87.5 6.7
91.7 9.8 99.0 13.0
103.2 17.7 108.7 35.0
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number; 128
Initial Characterization Capacity. 1235 ma hrs
Cycling Mode: 10066 Dept'i of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks. Total Cycles 18; Six Consecutive Cycles with Several Days Rest
in Between; N0.3 M Carbonate Added After Cycle 12
Cycle Electrode Cycle	 Electrode
Number State Current Number State Current
and of Into	 . and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) %	 - % (ma hrs) % To
1-1230 24.4 0.0 5-1260 35.7 0.0
36.6 0.3 47.6 0.3
48..7 1.3 59.4 1.0
60.7 2.0 71.2 2.7
72.7 3.7 82.8 4.0
84.6 5.3 94.3 7.3
96.2 11.0
2-1245 36.1 0.0 12-1290 23.3 0.0
48.2 0.7 46.5 0.3
60.0 2.7 58.1 0.9
71.7 4.3 69.5 2.2
83.5 6.0 81.0 3.2
95.0 12.7 92.3 6.2
3-1250 36.0 0.0 14-1290 23.3
 0. 0
48.0 0.3 46.5 0.3
59.9 1.3 58.0 1. 1
71.7 3.0 69.5 2.6
83.3 5.0 80.8 4.2
95.0 7.3 92.2 6.5
4-1257 35.8 0.0
47.7 0.3
59.5 1.3
71.3 2.7
83.0 4.3
94.5 7.3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 134
Initial Characterization Capacity: 1208 mop-hrs
Cycling Mode; 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 8 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (marhrs) %
1-1224 12.3 0.0 5-1269 23.6 0.0
24.5 0.3 35.4 0.3
36.7 o.8 47.2 0.8
48.8 1.8 58.9 1.8
60.7 2. 9 70.4 3.5
72.6 3.7 81.7 5.0
84.3 5.4 92.7 8.2
95.7 8.4 103.3 13.1
106.5 16.0
3-1245 12.0 0.0 7-1305 23.0 0.0
24.1 0.1 34.5 0.1
36.1 0.4 45.9 0.6
48.1 1'. 2 57.3 1.7
59.9 3.1 68.5 3.2
71.4 4.8 79.5 5.2
82.8 6.2 90.3 7.6
93.9 9.4 100.6 13.1
104.5 14.7
C
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number:	 140
Initial Characterization Capacity: 	 1085 ma-hrs
Cycling Mode.	 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized: Gassing Data Obtained for 8 Cycles
Cycles
	
Electrode Cycle Electrode
Number	 State Current Number State Current
and	 of Into and of Into
Capacity	 Charge Oxygen Capacity Charge Oxygen
(ma-hrs)	 % % (ma-hrs)
1-1086	 13.8 0.0 3-1137 13.2 0.0
27.6 0.2 26.4 0.3
41.4 0.8 39.5 1.1
54.9 2.1 52.4 3.0
68.4 3.8 65.0 5.3
81.5 5.7 77.3 8.3
94.3 9.2 88.9 15.5
106.4 16.2
2-1113	 13.5 0.0 4-1149 26.1 0.0
26.9 0.4 39.1 0.1
40.3 1.7 52.2 0.5
53.4 3.8 65.1 1.5
66.2 6.2 77.8 3.5
78.6 9.2 90.2 6.3
90.5 14.1 102.1 11.2
101.2 27.3 112.6 29.3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 141
Initial Characterization Capacity: 1053 ma. hrs
Cycling Mode: 100% Depth of Discharge; 303 ma Charge and Discharge
Rate at Room Temperature
Remarks: Total Cycles 18; Six Consecutive Cycles with Several Days Rest
in Between; N0. 3 M Carbonate added after Cycle 12
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma-hrs) % %
1-1035 14.5 0. 0 5-1125 13.3 0.0
29.0 0.3 26.7 0.2
43.3 1.7 39.9 1.0
57.5 3.0 53.0 2.7
71.7 4.7 66.0 5.3
85.7 8.0 78.7 9.0
99.3 :.0 91.0 16.3
2-1080 13.9 0.0 10-1176 25.5 0.0
27.8 0.2 38.3 0.2
41.6 1.0 50.9 1.0
5^.2 3.0 63.5 3.0
68.6 6.0 75.8 5.0
81.9 9.3 88.1 8.5
94.7 17.0 100.1 13.3
3-1104 13.6 0.0 14-1200 25.0 0.0
27.2 0.2 37.5 0.1
40.6 1.3 50.0 0.4
53.9 3.3 62.3 2.0
67.1 6.0 74.5 4.2
80.0 9.7 86.5 7.0
922 .5 18.7 98.3 12.8
4-1110 13.5 0.0
27.0 0.2
40.5 1.0
33. 7 2.7
66.8 5.3
79.8 9.0
92.3 16.3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 142
Initial Characterization Capacity: 1095 ma-hrs
Cycling Mode: 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 7 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Charge
(ma hrs) % % (ma-hrs)
1-1203 12.5 0.0 5-1284 11.7 0.0
24.9 0.2 23.4 0.1
37.3 0.6 35.0 0.1
49.7 1.6 46.7 0.5
61.9 3.3 58.2 1.6
73.8 5.1 69.7 3.2
85.4 8.2 80.8 5.4
96.6 13.4 91.7 9.2
106.2 31.3 101.4 24.5
3-1260 11.9 0.0 7-1290 23.3 0.0
23.8 0.2 34.9 0.1
35.7 0.3 46.5 0.6
47.5 1.0 57.9 1.5
59.2 2.3 69.3 3.2
70.7 4.2 80.5 5.3
82.0 6.9 91.3 8.7
92.8 11.4 101.3 18.9
102.1 31.8
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number;	 158
Initial Characterization Capacity: 	 1085 ma-hrs
r'ycling Mode; 10016 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks; Recharacterized, Gassing Data Obtained for 9 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma-hrs) %
1-1125 13.3 0.0 7-1200 12.5 0.0
26.6 0.3 25.0 0.1
39.9 1.3 37.5 0.3
52.9 2.9 49.9 0.8
65.8 4.7 62.2 1.9
78.3 7.4 74.3 4.6
90.4 11.0 86.1 7.2
101.8 17.5 97.4 12.0
111.6 34.4 107.7 22.5
3-1155 13.0 0.0 9-1194 12.6 0.0
25.9 0.1 25.1 0.0
38.9 0.5 37.7 0.2
51.8 1.5 50.2 0.6
64.4 3.6 62.6 1.8
76.8 6.2 74.8 4.0
88.7 9.4 86.7 6.7
100.1 15.1 98.1 11.1
108.6 22. 8
5-1170 12.8 0.0
25.6 0.1
38.4 0.3
51.2 0.9
63.8 2.3
76.1 4.8
88.2 7.6
99.7 12.4
11
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 	 163
Initial Characterization Capacity: 1095 ma-hrs
Cycling Mode:	 10016 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Original Gassing Data obtained for 5 Cycles
Cycle	 Electrode Cycle Electrode
Number	 State Current Number State Current
and	 of Into and of Into
Capacity	 Charge Oxygen Capacity Charge Oxygen
(r.za-hrs)
	
% % (ma-hrs) %
1-1104	 13.6 0.2 4-1134 13.23 0.0
27.1 0.3 26.4 0.2
40.6 1.5 39.6 0.5
53.9 2.7 52.6 2.7
67.0 3.8 65.4 5.2
80.0 5.5 77.7 8.5
92.5 10.0 89.5 13.2
104.0 21. 3 100.4 22.0
2-1113	 13.5 0.0 5-1146 13.1 0.0
26.9 0.5 26.2 0.2
40.3 1.5 39.2 0.5
53.4 4.0 52.2 1.8
66.1 7.2 64.8 4.8
78.4 10.3 77.0 8.5
90.1 16.3 88.7 12.8
100.5 28.5 99.4 24.2
3-1125	 13.3 0.0
26.7 0.1
39.9 0.5
53.1 2.2
66.0 4.3
78.6 7.2
90.6 11.8
101.5 25.0
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLU'T'ION DATA
Electrode Number: 175
Initial Characterization Capacity: 1089 ma-hrs
Cycling Mode: 1007o Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 7 Cycles
Cycles Electrode Cycles Electrode
Number State Current Number State Current
and of Into and of Into
C apacity Charge Oxygen Capacity Charge Oxygen
( ma-hrs) % % (ma-hrs)
1-1215 12.4 0.0 5-1281 23.4 0.0
24.7 0.1 35.1 0.1
37.0 0.5 46.8 0.5
49.2 1.2 58.4 1.5
61.4 2.4 69.8 2.9
73.3 4.3 81.1 4.8
84.9 6.7 92.1 8.0
96.2 11.6
106.4 23.0
3-1260 23.8 0.0 6- 23.5 0.0
35.7 0.1 35.3 0.1
47.6 0.6 47.0 0.4
59.3 1.6 58.7 1.5
70.9 3.3 70.2 3.1
82.4 5.2 81.5 5.0
93.4 8.5 92.5 8.0
103.5 23.1 102.9 15.0
ri
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 187
Initial Characterization Capacity: 1078 ma-hrs
Cycling Mode: 1001/o Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Original Gassing Data Obtained for 5 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma-hrs) 010 %a
1-1125 13.1 0.0 4-1155 26.0 0.0
26.2 0.3 38.9 0.2
39.2 1.5 51.9 0.8
52.0 2.7 64.6 2.7
64.7 3.5 77.1 4.8
77.2 5.8 89.3 7.7
89.2 10.2 100.9 14.3
99.8 28.7
2-1140 26.3 0.0 5-1170 25.6 0.0
39.5 0.3 38.5 0.2
52.5 1.7 51.2 0.3
65.3 3.3 63.9 1.7
77.9 5.7 76.4 3.5
90.1 9.0 88.6 6.0
101. 5 17. 3 100.3 11.3
3-1161 25.8 0.0
38.7 0.2
51.6 0.8
64.3 2.2
76.9 3.8
89.1 7.0
100.6 14.3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 192
Initial Characterization Capacity: 1080 ma-hrs
Cycling Mode: 1007o Depth of Discharge; 300 ma Charge and Discharge
Rate at Toom Temperature
Remarks: Recharacterized; Gassing Data Obtained for 7 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma-hre) % %
1-1146 13.1 0.0 5-1230 24.4 0.0
26.2 0.1 36.6 0.1
39.2 0.7 48.7 0.6
52.2 1.5 60.8 1.8
64.9 3.1 72.7 3.3
77.5 4.7 84.3 5.2
89.8 7.6 95.7 8.3
101.6 11.9 106.3 18.4
112.5 22.7
3-1200 25.0 0.0 7-1251 24.0 0.0
37.5 0.3 36.0 0.1
49.9 1. 1 47.9 0.5
62.2 2.2 59.8 1.5
74.3 4.0 71.5 3.1
86.2 5.9 83.0 5.3
97.7 9.7 94.2 8.2
108.2 23.0
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 198
Initial Characterization Capacity: 1060 ma-hrs
Cycling Mode: 10016 Depth of Discharge; 300 ma Charge aid Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 7 Cycle
Cycle Electrode
Number State Current
and of Into
C apacity Charge Oxygen
(ma-hrs)
1-1140 13.2 0.0
26.3 0.3
39.4 0.8
52.4 2.1
65.2 3.4
77.7 5.3
90.0 8.5
101.6 14.9
111.8 33.0
3-1206 12.4 0.0
24.9 0.1
37.3 0.3
49.6 0.9
61. 9 2. 2
73.9 4.2
85.7 6.4
97.0 11.5
106.6 33.9
Cycle Electrode
Number State Current
and of Into
Capacity Charge Oxygen
(ma hrs) %
5-1239 24.2 0.0
36.3 0.1
48.4 0.5
60.4 1.4
72.2 3.4
83.8 5.6
94.9 9.9
104.8 26.2
7 -1263 35.6 0.0
47.5 0.4
59.3 1.3
70.9 2.7
82.3 5.2
93.3 9.0
103.4 21.1
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Electrode Number: 220	 -
Initial Characterization Capcity: 1082 ma hrs
Cycling Mode: 10016 Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 4 Cycles
Cycle Electrode
Number State Current
and of Into
C apacity Charge Oxygen
(ma-hrs) % %
1-1134 13.2 0.0
26.5 0.1
39.6 o.3
52.8 0.3
65.7 1.3
78.5 4.4
90.9 7.1
102.9 12.1
113.6 26.6
2-1164 12.9 0.0
25.8 0.2
38.6 0.8
51.3 2.0
63.8 3.5
76.1 5.2
88.2 7.8
99.6 14.5
108.9 42.5
Cycle Electrode
Number State Current
and of Into
Capacity Charge Oxygen
(ma-hrs)
3-1164 12.9 0.0
25.8 0.1
38.6 0.5
51.4 1.7
63.9 3.9
76.2 5.5
88.1 8.9
99.6 13.0
109.9 26.9
4-1197 25.1 0.0
37.6 0.1
50.1 0.6
62.5 1.9
74.6 3.9
86.5 6.3
97.9 11. 1
107.9 30.3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 237
Initial Characterization Capacity: 	 1090 ma-hrs
Cycling Mode; 100% Depth of Discharge; 300 	 ma Charge and Discharge
Rate at Room Temperature
Remarks:	 Recharacterized; Gassing Data Obtained for 9 Cycles
Cycle Electrode Cycle Electroce
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma-hrs) % %
1-1224 12.3 0.0 7-1275 23,5 0.0
24.5 0.2 35.3 0.1
36.7 1.1 47.0 0.3
48.7 2.3 58.7 1.0
60.6 3.9 70.3 2.5
72. 9. 5.8 81.6 4.7
83.6 8.5 92.6 7.9
94.5 13.8 103,0 16.3
103.8 34.1
3-1245 12.1 0.0 9-1275 23.5 0.0
24.1 0.1 35.3 0.1
36.1 0.2 47.0 0.3
48.1 0.7 58.7 1.1
60.0 2.1 70.2 2.8
71.7 3.9 81.6 4.9
83.0 6.5 92.6 7.6
94.1 10.4 100.0 15.6
104.2 21.9
5-1260 11.9 0.0
23.8 0.1
35.7 0.2
47.6 0.4
59.4 1.2
71.0 3.1
82.5 5.0
93.6 8,4
103.9 18. 3
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 247
Initial Characterization Capacity: 	 1213 ma hrs
Cycling Mode: 1007o Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Tempe rature
Remarks: Original Gassing Data Obtained for 5 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
( marhrs) % % (ma-hrs) % %
1-1170 12.8 0.0 4-1197 25.1 0.0
25.6 0.3 37.6 0.3
38.4 1.0 50.0 1.0
51.0 2.3 62.3 2.5
63.4 4.2 74.4 4.5
75.5 6.2 86.3 6.7
87.3 9.7 97.6 12.0
98.5 16.5
2-1176 12.8 0.0 5-1200 25.0 0.0
25.5 0.2 37.5 0.2
38.2 0.8 49.9 0.7
50.8 1.7 62.3 1.8
63.2 4.0 74.4 3.5
75.3 6.2 86.4 5.8
87.0 9.8 97.9 10.3
98.1 16.5
3-1194 25.1 0.0
37.7 0.
50.2 0.8
62.5 2.3
74.7 4. ?
86.6 6.7
97.9 12.8
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Appendix VI (Cont'd)
POSIT1dE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 260
Initial Characterization Capacity:	 1080 marhrs
Cycling Mode: 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized; Gassing Data Obtained for 8 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma-hrs) % % (ma hrs) % %
1-1086. 13.8 0.0 7-1203 24.9 0.0
27.6 0.2 37.4 0.1
41.4 0.5 49.8 0.5
55.0 1.8 62.2 1.6
68.5 3.3 74.3 3.5
81.7 5.4 86.2 6.0
94.6 8.2 97.6 10.3
106.9 13.9 108.1 22.8
2-1113 13.5 0.0
26.9 0.3
40.3 0.9
53. u 2.8
66.5 4.7
79.2 6.9
91.6 9.8
103.4 15.6
3-1134 26.5 0.0
39.7 0.2
52.8 1.2
65.8 3.0
78.4 5.3
90.8 7.8
102.7 12.5
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Appendix VI (Cont'd)
POSITIVE ELECTRODE GAS EVOLUTION DATA
Electrode Number: 285
Initial Characterization Capacity: 	 1203 ma-hrs
Cycling Mode: 100% Depth of Discharge; 300 ma Charge and Discharge
Rate at Room Temperature
Remarks: Recharacterized and Gassing Data Obtained 9 Cycles
Cycle Electrode Cycle Electrode
Number State Current Number State Current
and of Into and of Into
Capacity Charge Oxygen Capacity Charge Oxygen
(ma hrs) % % (ma-hrs) % %
1-1245 12.0 0.0 7-1299 23.1 0.0
24.1 0.1 34.6 0.1
36.1 0.8 46.1 0.6
47.9 2.0 57.6 1.7
59.7 2.8 68.8 3.5
71.3 4.7 79.8 5.9
82.6 7.2 90.5 8.8
93.6 11.1 100.7 15.1
103.8 20.2
3-1275 23.5 0.0 9-1290 23.3 0.0
3513 0.2 34.9 0.1
47.0 0.9 46.5 0.6
58.6 2.2 57.9 1.6
70.0 3.9 69.3 3.3
81.2 5.9 80.4 5.9
92.0 9.2 91.2 8.6
102.2 17.7 101.4 15.6
5-1284 23.4 0.0
35.0 0.2
46.7 0.6
58.2 1.6
69.6 3.0
80.8 5.3
91.6 8.9
101.9 15.7
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Appendix 'VII
TEST CELL PRESSURE - TIME DATA
Nate: Values with inch symbol (") are inches of mercury vacuum.
Values without symbols are pressure in pounds per square inch gage.
Call Number and Impurity
1 2 0 4 5 6 7 8 9 10 it 12 13 14 15
- - - CMC CO, CO; NH, NH4 NO; NO; - - CO3 NH. NO;
Date and Time Room Temperature 0°C
7/29 Evacuated 25" 15" 20" 24' 1 25" 25" 25" 29" 26" 25" 25" 15" 25" 26" 25
7/29	 4:25P11 151, 10-' 7" 13" 14" 14" 15" 17" 13" 20" 10" 17" 17" 18"
(after 2 cycles)
812	 B:OOAM 12.1 8" 3.5 13" 12" 10" 15" 18" 12" I0" 1 61. 5"
8/2	 4:OOPM loll 5" 3.5 -12" 12" 9" 14" 17" 12" 7" 3 3" 0 its
813	 4:OOPM 91, 5" 3.5 13" 12" 8" 14" 18" 12" 5-' 5 111 2
8/4	 4:15P&l O 13 4 1 2 5 22 0 4" 2 1 5 10" 8" i"
(after discharge,
prior to charge)
8/5	 8:00AM 9 22 17 0 12.5 17.5 38 10 9 14.5 18 24 12 12 17
(after total charge)
8/5	 4:30P14t 9 22 17 2 11 15 34 11 8 13 14 19 7 10 12
8/8	 8.30AM 5 15 10 0 5 8 24 5 0 7 6 10 0 4' 5
8/8	 4 OOPM 5 14 9 0 4 7 24 5 0 6 4 10 0 5 4
8/9	 8:00AM 0 14 8 0 3 7 22 2 0 5 2 8 2" 2 3
8/9	 4:OOP%4 0 13 7 0 0 7 24 1 5;f 0 2 14" 7" 4"
(prior to charge)
8/10	 8:00AM 15 25 24 0 16 20 41" 16 10 15 22 26 15 18 22
(prior to cycling)
Room Temperature 0°C
8/11
	 3-00AM 5 16 12 0 3 10 12 8 0 5 8 12 0 5 8
8/12	 8:00AM 2 14 10 0 2 9 11 6 0 4 4 8 5" 2 4
8/ 15	 8:OOAM 4 14 10 0 2 8 11 6 0 4 4 8 5#1 2
8/16	 8:OOAM 4 12 8 0 1 7 10 5 3" 3 3 6 6" 0 2
(prior to discharge)
8/16	 4:OOPM 6 17 12 0 2 17 17 8 0 5 4 4 11" 5" 0
(prior to charge)
8117	 8.00A.M 18 28 28 0 14 26 35 20 10 18 26 28 15 19 23
(prior to cycling)
8/18 10 20 18 0 5 15 22 11 0 8 12 12 0 4 10
8122 0 10 6 0 4" 6 8 0 5" 0 lot, 25" 24" 21"
(timer out)
8/24	 9:30AM 0 10 5 0 5" 5 6 0 7" 0 10" 12" 25" 24" 23"
(started discharg-
ing)
8/25	 9:00AM 20 24 32 12" 18 29 45 20 12 18 24 22 10 15 19
(prior to cycling)
8/26 12 Noon 8 13 18 5" 5 18 28 10 1 7 6 2 17" 10" 0
8/29	 8:00AM 6 10 14 0 4 16 25 8 0 6 0 8" 21" 17" 17"
*neutral to 10
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